
J. Med. Chem. 1998, 41, 3261-3275 3261 



Pyrr lidin -3-carb xylic Acids as Endothelin Antagonists. 3. Discovery fa 
Potent, 2-Nonaryl, Highly Selective ET A Antag nist (A 216546) 

Gang Liu,*' T Kenneth J. Henry, Jr.,*'* JI Bruce G. Szczepankiewicz, Martin Winn, Natasha S. Kozmina, 
Steven A. Boyd. James Wasicak,* Thomas W. von Geldern, Jinshyun R. Wu-Wong, William J. Chiou, 
Douglas B. Dixon, Bach Nguyen, 5 Kennan C. Marsh, 5 and Terry J. Opgenorth 

Metabolic Disease Research, Cancer Research, and Drug Analysis Department, Pharmaceutical Products Division, 
Abbott Laboratories, Abbott Park, Illinois 60064-3500 

Received April 8, 1998 

Previously we have reported the discovery of ABT-627 (1, A- 147627, active enantlomer of 
A-127722), a 2,4-diaryl substituted pyrrolidine-3-carboxylic acid based endothelin receptor-A 
antagonist. This compound binds to the ETa receptor with an affinity (/Q of 0.034 nM and 
with a 2000-fold selectivity for the ETa receptor versus the ETb receptor. We have expanded 
our structure— activity studies in this series, in an attempt to further increase the ETa 
selectivity. When the p-anisyl group of 1 was replaced by an /?-pentyl group, the resultant 
antagonist 3 exhibited substantially increased ETb/ETa activity ratio, but. a decreased ETa 
affinity. Structure— activity studies revealed that substitution and geometry of this alkyl group, 
and substitution on the benzodioxolyl ring, are important in optimizing this series of highly 
ET A selective antagonists. In particular, the combination of a (£)-2,2-dimethyl-3-pentenyl group 
and a 7-methoxy-l ,3-benzodioxol-5-yl group provided hydrophobic compound 10b with subna- 
nomolar affinity for human ETa receptor subtype and with an ETb/ETa activity ratio of over 
130000. Meanwhile, synthetic efforts en route to olefinic compounds led to the discovery that 
2-pyridylethyl (9o) and 2-(2-oxopyrrolidinyl)ethyl (9u) replacement of the p-anisyl group of 1 
yielded very hydrophilic ETa antagonists with potency and selectivity equal to those of 10b. 
On the basis of overall superior affinity, high selectivity for the ETa receptor (K if 0.46 nM for 
ET A and 13000 nM for ETb). and good oral bioavailability (48% in rats), A-216546 (10a) was 
selected as a potential clinical backup for 1. " 



Introduction 

The endothelins (ET-1, ET-2 and ET-3), 21-residue 
amino add peptides discovered in 1988, 12 are potent, 
long-acting constrictors of vascular smooth muscle and 
are also potent mitogens. 3 ET-1, made primarily by 
endothelial cells, is thought to act as an autocrine/ 
paracrine mediator in the regulation of vascular func- 
tions through modulation of tone, cell proliferation, 
vascular permeability, and hormone production. 4-7 

The biological effects of the ETs are mediated by 
G-protein-linked receptors. Two subtypes of human 
endothelin receptors (ETa and ETb) have been cloned 
and are approximately 55% homologous. 8 - 9 The ET A 
receptor has greater affinity for ET-1 than ET-3 and is 
expressed in vascular smooth muscle cells. Binding of 
ET-1 to ETa receptor mediates the vasoconstrictive and 
mitogenic effects of ET-1 both in vitro and in vivo. 3 " 7 
The ET B receptor has equal affinity for ET-1 and ET-3 
and is expressed in endothelial cells. Binding of ET-1 
or ET-3 to the ETb receptor may attenuate the vaso- 
constrictive effects of local ET-1 by mediating production 
of nitric oxide 10 and by clearing ET-1 from the circula- 
tion. 11 

Endothelin- 1 has been implicated as a contributing 
factor in many diseases. 3 " 7 In animal models and 
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human studies, ET receptor antagonists have demon- 
strated clear benefit in acute myocardial infarction, 12 
congestive heart failure, 13 pulmonary hypertensi n, 14 
cerebral vasospasm, 15 renal failure, 16 and restenosis. 17 
It is apparent from these studies that ETa receptors 
mediate most of the actions of ET-1 associated with 
these pathological conditions, while the ETb receptor 
may mediate some beneficial effects. These findings 
suggest that a selective ET A receptor antagonist w uld 
be useful as a therapeutic agent for chronic treatment 
of the aforementioned pathological conditions. 

Recently, our laboratories have disclosed the design 
and synthesis of a novel series of 1,2,4-trisubstituted 
pyrrolidine-3-carboxylic acid based ETa receptor selec- 
tive antagonists, exemplified by ABT-627 (1, A-147627, 
active enantiomer of A-127722). 18 This compound com- 
petitively inhibits [ 12S I]ET-1 binding to cloned human 
ETa and ET B receptors with JQ values of 0.034 and 63.3 
nM, respectively. In our efforts to search for a follow- 
up compound possessing even greater selectivity for the 
ETa receptor, the contributions to binding affinity or 
receptor subtype selectivity conferred by the p-anisyl 
group of 1 were investigated. When the p-anisyl sub- 
stituent of A-127722 was changed to a p-ethylphenyl 
group (2), a decrease of ETb affinity was observed with 
a slight increase of ETa affinity (Scheme 1). Intrigued 
by this observation, we experimented with aliphatic 
groups and quickly discovered that the c rresponding 
/>pentyl group (3) further improved upon the ETb/ET a 
activity ratio of 2, though 3 exhibited decreased affinity 
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Scheme 1. Rationale for Developing the Alkyl-Based Highly ETa Selective Antagonists 



Liu etal. 
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for ETa receptor. 19 The net result is a 13-fold improve- 
ment in ETa selectivity. The distinctive structure and 
selectivity feature of 3 served as a valuable lead for 
further exploration of this 2-alkylpyrrolidine-based, 
highly selective ETa receptor antagonists. 

Chemistry 

Most of the new compounds in this report were 
synthesized by direct analogy to our earlier work on I, 18 
as shown in Scheme 2. Various /?-ketoesters 4 were 
prepared according to the published procedures, through 
either reacting the imidazolide of the carboxylic add 
with magnesium monoethylmalonate followed by de- 
carboxylation 20 (ca. 70% yield) or alkylating an acetoac- 
etate dianion with an alkyl bromide 21 (20-70% yield). 
Condensation of nitromethane with piperonals provided 
the corresponding /?-nitrosryrenes 5. 22 Potassium tert- 
butoxide catalyzed Michael addition f /?-ketoesters 4 
to nitrostyrenes 5 yielded two isomers of the adducts 6 
in ca. 80% yield. Raney nickel mediated hydrogenation 
of the adduct 6 and reduction of the resultant cyclic 
imine with sodium cyanoborohydride provided a mixture 
of three diastereomeric pyrrolidines in which the desired 



trans.tr ans isomer 7 predominated. The cis.cis isomer 
could be converted to trans.trans isomer by epimeriza- 
tion (DBU, CH3CN). Chromatographic separation on 
silica gel afforded the essentially pure trans, trans 
isomer of the amino ester 7 in ca. 40% yield from the 
Michael adduct 6. Alkylation of pyrrolidine 7 with N,N- 
dibutylbromoacetamide and subsequent hydrolysis of 
the ethyl ester furnished final compounds 8—10 in 80% 
yield for in vitro assays. 

Compounds not suitable for the Raney nickel hydro- 
genation conditions (mainly olefin-containing sub- 
strates) were synthesized from dioxolanes 11 through 
a four-step sequence (Scheme 3). Protection of the 
pyrrolidine nitrogen as an allyl carbamate and hydroly- 
sis of the acetal provided aldehyde 12. Wittig reaction 
of the resulting aldehyde 12 and removal of the ure- 
thane yielded the corresponding olefin substituted pyr- 
rolidine 13, which was converted to the final antagonist 
as described in Scheme 2. Addition of methylmagne- 
sium bromide to the aldehyde 12 and dehydration of 
the resulting alcohol 14 with Burgess reagent yielded 
the trans olefin 15. The alcohol 14 was also oxidized 
to ketone 16, which was converted to the terminal olefin 
17 with an appropriate Wittig ylide. 
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Scheme 3 a 
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Intermediates 15 and 17 were then converted to the 
desired antagonists via steps described previously in 
Scheme 2. 

For detailed evaluation, a number of compounds have 
been prepared in optically pure form. The preparation 
of final products 8—10 as single enantiomers was 
generally accomplished through resolution of the pyr- 
rolidine 7 prior to N-alkylation (Scheme 4). Certain 
racemic pyrrolidine esters 7 could be resolved via 
formation of chiral salts 18 with (5)-(+)-mandelic add. 
Recrystallization produced material of >90% ee, as 
evaluated by chiral HPLC. The dlastereomerically pure 
salt 18 was then converted to the optically pure final 
products as shown in Scheme 2. Alternatively, racemic 
pyrrolidine 7 could be converted to AABoc carboxylic acid 
19 in two steps. Add 19 was then coupled with 
) -4 -benzyl- 2-axazolidinone through a pentafluorophe- 
nylester to give diastereomers of 20a and 20b, which 
may be separated by silica flash chromatography. The 
desired acyl oxazolldinone 20a was then cleaved with 
sodium methoxide. Treatment of the resulting AABoc 
methyl ester with trifluprpacetic add and neutralizing 
the salt with aqueous base provided the optically pure 
pyrrolidine 21, which was converted to the final com- 
pounds. 

Structure— Activity Relationships 

The initial screening for the compounds described in 
this study was a measurement of their ability to displace 
endothelin from its receptors. We employed a rodent 
ET A receptor derived from MMQ cells (/ETa); ET b 
receptor (pETfi) was derived from pordn cerebellar 
tissue. IC50 data were recorded by measuring the 
displacement of [ 125 I]ET-1 from the ETa receptor or [ 125 I]- 



ET-3 from the ETb receptor. Confirmatory binding 
studies were performed in a similar fashion, using 
Jiuman ET A and ETb receptor (AET A . AET B ) perma- 
nently expressed in CHO cells. 

The decreased ETb affinity of /7-pentyl compound 3 
suggested that the alkyl group might be finding a new 
hydrophobic binding site only present on the ET A 
receptor or the increased hydrophobidty of 3 was less 
tolerated at the ETb receptor than at the ETa receptor. 
In a separate study, the length of the linear alkyl groups 
was investigated. 19 The optimal chain length appears 
to be five atoms. Further shortening (propyl and butyl) 
or lengthening (hexyl and heptyl) of the alkyl chain was 
detrimental to both the ET A binding affinity and the 
ETb/ETa activity ratio. Only /7-pentyl compound 3 
provided reasonable affinity for ETa receptor and the 
largest separation of ET A and ETb activity. With the 
optimal chain length established, the substitution pat- 
tern of the aliphatic chain was then explored OTabl 1). 
Only the smallest alkyl substituent, a methyl group, was 
tolerated at position 4 and 2 of the pentyl chain (8a and 
8c), but not at position 3 or 1 (8b and ? 8d). For the 
larger substituents, 3-ethylpentyl group (8e) was 4 
times less active and selective than 2-propylpentyl group 
(8f), and neither improved upon the parent /7-pentyl 
compound 3. Fluorination at the terminal position of 
the pentyl chain has a slight negative effect on the 
affinity and selectivity of the antagonist 8g for the ETa 
receptor. Since a methyl group was tolerated at the 
2-position of the alkyl chain, a ^em-dimethyl group at 
the position 2 was introduced to eliminate the extra 
stereocenter. This modification (8h) sligjitry boosted the 
affinity for ETa receptor and decreased the ETb receptor 
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affinity, thus tripling the receptor selectivity observed 
with antagonist 3. 

Double bonds were then introduced to the different 
positions of the pentyl chain to increase the rigidity of 
the aliphatic chain and to better position the alkyl group 
in the binding site (Table 1). Generally, double bonds 
between the position 3 and 4 were well tolerated. 
Compound 8i, which includes a 4 -me thyl-3-pentenyl 
group, was slightly more potent and selective than 
/7-pentyl analogue 3. One carbon extension of the chain 
(8j) increased the binding affinity, but not the receptor 
selectivity. A more rigid derivative of 8i, cyclopropy- 
lidenepropyl group (8k), exhibited a subnanomolar 
affinity for ETa, but without much improvement in 
selectivity. For the unsymmetric olefins, trans geometry 
seemed to have positive effects on increasing the affinity 
for ETa receptor, exemplified by (£)-3-pentenyl replace- 
ment 81. Unfortunately, compromised by the slightly 
increased ETb affinity, the subnanomolar ETa affinity 
of 81 only doubled the receptor selectivity over lead 
compound 3. On the other hand, transition from trans 
to ds geometry (8m) resulted in over 6-fold loss of ETa 
affinity and 3-fold loss of selectivity. Terminal olefins, 
both monosubstituted 8n and disubstituted 80, have 
negative effects on the affinity and selectivity comparing 
t the aliphatic chain. Methyl substitution at the 
3-position of trans olefin 8p was tolerated. Compound 
8q t ^em-dimethyl substituted 8i at position 2, seemed 
to increase the selectivity for ETa receptor slightly. The 
optimal antagonist was realized through combining the 
two structural features of 8h and 81, 2,2-dimethyi 
substitution and 3,4 -trans olefin, to give 8r, the first 



antagonist with subnanomolar affinity and over 100000- 
fold selectivity for the ETa receptor versus the ETb 
receptor. 

Because of the incompatibility of Raney nickel hydro- 
genation conditions with most of the olefinic compounds, 
2-dioxolylalkyl substituted pyrrolidines 11 were pre- 
pared as the common intermediates for the olefin 
analogues (see Scheme 3). Surprisingly, alkylation f 
pyrrolidine 11 {n = 1) with the side chain of 1 and 
subsequent hydrolysis of the ester furnished potent (IC50 
= 2.3 nM) and highly selective (> 43500 x) antagonist 
9a (Table 2). The structural difference between diox- 
olylethyl and /7-pentyl group intrigued us most, sug- 
gesting that we might have reached an alternative, 
hydrophilic binding site only present on the ETa recep- 
tor. The structure— activity relationship of this seren- 
dipitously discovered lead was then explored. 

Initial derivatization of the 1 ,3-dioxolane ring offered 
disappointing results. Methyl substituents on the di- 
oxolane ring (9b) were not tolerated. The 1,3-dibxane 
9c was less potent and selective than the 1 ,3-dioxolane 
9a. Compared to propylene linker (9d), ethylene ap- 
peared to be the optimal link between the heterocycles. 
Thus this chain length was kept constant for the 
ensuing analogues. Interestingly, transition from 1,3- 
dioxolane to 1 , 3-dithioxolane ring structure (9e) resulted 
in a 2-fold loss of the potency and over 6-fold decrease 
in selectivity for the ETa receptor, which strongly 
implicates hydrogen bonding as a fact r contributing to 
the high selectivity. In contrast to the case of pentenyl 
compound 8r, the introduction of a ^em-dimethyl group 
at the a-carbon of the dioxolane (9f) only marginally 
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a ICso calculated using a mean of at least two measurements (all duplicates) for 1 1 concentrations from 10~ 10 to 10~ 5 unless otherwise 
noted. * Expressed as ICso(ETa)/IC5o(ETA). 



augmented the affinity and the selectivity. This result 
is consistent with our hypothesis that the hydrophobic 
and hydrophilic substituents bind to different sites of 
the ETa receptor. 

A pharmacokinetic study of the compound 9a (in rats) 
indicated some hydrolysis of the dioxolane to the alde- 
hyde in vivo. To eliminate the acid labile dioxolane 
moiety, heterocycles mimicking the dioxolane ring struc- 
ture were sought. By replacing one of the oxygens of 
the dioxolane ring with carbon, fur an and pyran deriva- 
tives were synthesized. Among this group, the best 
compound in terms of affinity and specificity for the ETa 
receptor was the 2-tetrahydropyranyl compound 9g, 
with slightly improved ETa affinity and decreased 
receptor selectivity. Moving the oxygen to the position 
4 of the ring resulted in antag nist 9h with much lower 
affinity for the ETa receptor. For the flve-membered 
ring system, 2-furan 9i was equally active and selective 
as 3-furan 9j. The fully reduced 2-tetrahydrofuran 9k 
was 6 times less active than the tetrahydropyan 9g. 



Dioxolane replacements oxazoles and pyrazole were 
also examined. Oxazole 91 showed a decreased ETb 
affinity while maintaining the ET A affinity, which led 
to an antagonist with over 41700-fold selectivity for the 
ETa receptor. Despite an overall increase in potency, 
dimethyl substituted oxazole 9m showed a greater 
increase of ETb affinity than ET A affinity. Compound 
9n, a N-methylated pyrrole, did not offer any improve- 
ment over the 1 ,3-dioxolane. A more dramatic effect 
was seen in 2-pyridyl compound 9o, which has subna- 
nomolar affinity and almost 40000-fold selectivity for 
the ETa receptor over the ETb receptor. 

On the basis of the active pyridine compound 9o, a 
strategy of heteroatom frame shift was conceived. The 
ethylene linker was moved to the nitrogen of the 
heterocycle and the original connecting carbon center 
was changed to nitrogen or a carbonyl group. Com- 
pound 9p, a pyrazole replacement, offered subnanomo- 
lar affinity and improved selectivity compared to 1 ,3- 
dioxolane 9a. Sucdnimide 9q was equally potent and 
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(33000-26500) 






9n 


(Mmethylpyrrol-2-y 1) CH 2 


2.5 


43600 


17400 


C 2 9H4iN30 5 -1.25TFA 




(3.7-1.9) 


(77800-24400) 






9o 


(2-pyrtdyl)CH2 


0.38 


14100 


37000 


C 2 9H39N30 5 - 1 .75TFA 




(0.39-0.37) 


(16200-12200) 






9p 


(l-pyrazolyl)CH2 


0.51 


28600 


56000 


C27H38N4O5-O.75TFA 


(0.90-0.29) 


(28900-28200) 






9q 


(JS£succinlmido)CH 2 


5.0 


> 100000 


>20000 


CzsHagNsOr- 1 . 05TF A 




(7.1-3.5) 








9r 


(Mpropylsultamy 1) CH2 


41 


> 100000 


>2440 


C27H41N3O7S1-0.60TFA 




(71-25) 








9s 


(2-oxopiperldln-l-yl)CH2 


2.0 


85000 


42500 


C29H43N 3 O6-0.70TFA 




(3.1-1.3) 


(85000) 






9t 


(2-axopyrid-l-yl)CH 2 


2.2 


41000 


18600 


C29H^N 3 O6-0.70TFA 




(3.0-1.6) 


(41000) 






9u 


(2-oxopyrrolldin-l-yI)CH2 


0.42 


65400 


156000 


C28H4iN 3 06-1.4TFA 




(1.1-0.16) 


(65400) 







a IC50 calculated using a mean of at least two measurements (all duplicates) for 1 1 concentrations from 10 -10 to 10~ 5 unless otherwise 
noted. 6 Expressed as i6o(ETb)/IC5o(ETa). 



as selective as dioxolane 9a, while sultam 9r yielded a 
much weaker and less selective antagonist. Piperidi- 
none 9s was equally potent as pyridone 9t, but twice 
as selective. The most potent and selective dioxolane 
mimic was five-membered 2-pyrrolidinone 9u, which 
binds 10 times better than dioxolane 9a to the ET A 
receptor without much increase in the ETb affinity. In 
general, any five- or six-membered heterocycles with 
hydrogen-bonding acceptors at the 2-position seem to 
be well tolerated without impairing the ETa receptor 
selectivity. These efforts led to the optimal antagonist 
9u with subnariomolar affinity for the ETa receptor and 
an ETb/ETa activity ratio of over 100000-fold. 



Secondary Evaluations 

After synthesizing a series of very potent and highly 
selective ETa antagonists with varying hydrophobicity 
and hydrophilicity, a small set of compounds were 
prepared in enantiomerically pure form to evaluate the 
impact of this polarity swing on the pharmacokinetic 
profiles of the compounds. These compounds were first 
evaluated in ur standard scr ening assay, as well as 
in a second set of binding assays mploying human ETa 
and ETb receptors expressed in CHO cells (Table 3). As 
we have observed in previous studies. 18 - 23 the /ETa and 
pETs receptors used in the screening assays reliably 
predict the relative and absolute affinities observed 
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binding IC50 (nM)*> 



binding IC50 (nM)* 



compd 


R 


X 


/ETa mean 
(range) 


PETb 
mean (range) 


B/A 
ratio** 


/£Ta mean 
(range) 


/riETu mean 
(range) 


B/A 
ratio* 


formula 


8h 


QiHrCtCHab 


H 


0.67 


2900 


4300 


0.29 


2800 


9700 


nd 








(0.96-0.45) 


(5900-1600) 




(0.37-0.23) 


(4300-1900) 






8r 


(^-CHaCH-CHC (CHafe 


H 


0.78 


> 100000 


> 128000 


1.0 


92700 


92700 


Czftr^^zOs-OJOTFA 








(1.1-0.57) 






(1.3-0.77) 


(92700) 






9o 


(2-pyrid>d)CH2 


H 


0.72 


26000 


36000 


0.29 


32000 


110000 


C2^39Ns0 5 -2.25TFA- 


9p 






(1.4-0.35) 


(36000-15000) 




(0.68-0.12) 


(41000-25000) 




1.10H 2 O 


(l-pyrazolyl)CH2 


H 


0.68 


26200 


38500 


1.06 


42000 


39600 


C27H38N4CVO.9OTFA 








(0.71-0.66) 


(33000-20600) 




(1.67-0.68) 


(83800-21100) 




9u 


(2-oxopyrrolidinyI)CH 2 


H 


0.22 


24000 


110000 


0.17 


18000 


106000 


C Z BH, 1 N 3 O 6 -0.85 , rFA 








(0.25-0.20) 


(27700-20600) 




(0.18-0.17) 


(23000-13800) 




10a 


C3H 7 C(CH3) 2 


OCH 3 


0.56 


16700 


29800 


0.49 


15400 


31400 


CsoH.gNzOe-O.TTFA 








(0.86-0.33) 


(24900-9100) 




(0.61-0.41) 


(20000-12400) 




10b 


(a-CH 3 CH-CHC(CH3>2 


OCH3 


0.41 


45300 


110000 


0.29 


39700 


137000 


CsoH^eNzOe-CSOTFA 








(0.41-0.40) 


(81000-23000) 




(0.68-0.13) 


(73300-27000) 





a ICso calculated using a mean of at least two measurements (all duplicates) for 1 1 concentrations from 10" 10 to 10~ 5 unless otherwise 
noted. * Binding assays recorded as described In Experimental Section, using MMQ cells (/ETa), porcine cerebellar tissue (pETa). c Binding 
assays recorded as described in Experimental Section, using clonal CHO cell lines (AET A and AETb). d Expressed as ICs 0 (ETb)/IC5o(ETa). 



Table 4. Summary of Pharmacokinetic Profiles for Single Enantiomers 












pharmacokinetic profiles (rats)* 










7JV2XV 


T\n oral 




AUC 




compd 


R 


X 


(h) 


(h) 


(ug/mL) 


(ug h/mL) 




8h 


C3H 7 C(CH3)2 


H 


2.45 


3.85 


1.48 


7.06 


76.8 


8r 


(^-CH3CH=CHC(CH3) 2 


H 


1.6 


3.58 


1.49 


2.62 


32.2 


9o (racemic) 


(2-pyridyl)CH2 


H 


2.8 


8.8 


0.58 


0.78 


21.1 


9u 


(2-oxopyrrolJdln- 1 -yl)CH 2 


H 


1.4 


nd 


0.016 


0.009 


0.3 


10a 


C3H 7 C(CH3) 2 


OCH3 


1.6 


2.5 


1.69 


3.27 


47.7 


10b 


{^-CHsCH-CHQCHah 


OCH3 


1.5 


3.94 


0.66 


2.09 


27.8 



B 71/2 Iv, half-life after intravenous dosing. Ti/z oral, C^ax, AUC, and Fare half-life, maximum drug concentration, total drug exposure 
(area under the curve) and oral bioavailability after oral dosing In rats. Calculated from raw pharmacokinetic data as described In the 
Experimental Section. 



against human receptors, with some tendency for this 
class of compounds to exhibit a higher B/A ratio for the 
human genotypes. Most of the compounds in this group 
have subnanomolar potencies against /jETa receptors; 
B/A ratios vary from 9700 to 137000. 

Pharmacokinetic studies (in rats) of these enanti- 
omers revealed that the vastly different pharmacoki- 
netic profiles of these two series were associated with 
their distinctively different physical properties (Table 
4) . Oral bioavailability of 8h is very good (77%) but with 
a very slow absorption rate, which could be explained 
by the extremely high hydrophobidty of the compound, 
compared to 1. Compound 8r has' much lower bioavail- 
ability and a much smaller AUC values. On the other 
hand, the very hydrophilic series of compounds, exem- 
plified by 9o and 9u, exhibit very poor pharmacokinetic 



profiles: low oral bioavailabilities and small Gm* and 
AUC values. Rapid elimination and a tendency toward 
oxidation might contribute to the poor showing of ral 
bioavailability of a number of these compounds. 

A separate unpublished SAR study by our group has 
indicated that the placement of a methoxy group at the 
position 7 of the benzodioxolane ring was well tolerated 
for the ETa selective antagonists. To improve the 
absorption rate of compounds 8h and 8r, slightly m re 
hydrophilidty was added to the alkyl series by introduc- 
ing this modification. Initial biochemical assays indi- 
cated improved binding affinity and receptor selectivity 
for new analogs 10a (A-216546) and 10b over the parent 
compounds (Table 3). In fact, compound 10b is arguably 
the most ETa selective antagonist known to date against 
human receptors. 
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Chart 1 




N-NH 

22 (Ro 61-1700) 





23 (PD 166707) 



2fl(TBC11251) 




24 (BM5 182874) 

The results of pharmacokinetic profile change of these 
two compounds were mixed. The hydrophilicity modi- 
fication improved the pharmacokinetic profiles of 10a, 
but not of 10b. The absorption rate of 10a increased 
with improved hydrophilicity, comparing to compound 
8h. Compound 10a, is also well absorbed (oral bioavail- 
ability F~ 48%), despite its relatively short iv half-life 
(1.6 h). In the phase I single dose human study, ABT- 
627 (1) exhibits a much longer elimination half-life (24 
h) than that expected from the rat study (3.5 h). Both 
in vitro and in vivo metabolism studies have suggested 
that one of the major metabolic routes for 1 appears to 
be the glucuronidation of the car boxy lie add moiety. The 
in vivo studies with [ 14 C]A- 127722 indicates that the 
drug is recovered through enterohepatic recycling of the 
glucuronidate of 1, which explains its prolonged half- 
life in human. Apparently, this recycling process is 
much more profound in human than in rat. If the same 
trend holds, a longer half-life for 10a in human than in 
rat is expected. The ability of 10a to inhibit ET-1 
stimulated phosphoinositol (PI) hydrolysis was also 
determined. Compound 10a effectively inhibits ET-1 
evoked PI hydrolysis in rat MMQ cells with an IC50 
value of 0.59 nM, showing the compound indeed is a 
very potent functional antagonist of endothelin. 

Since 1993, a number of non -pep tide ETa selective 
antagonists have been reported (Chart 1), including Ro 
61-1790 24 (22), PD 1J567Q7 25 (23), BMS 182874 26 (24). 
SB 217242 27 (25), and TBC1 1251 28 (26). Except for 24, 
all of these compounds exhibit subnanomolar affinities 
for the ET A receptor (Table 5). The selectivity of these 
antagonists for human ETa receptor is about 1000-fold, 
with the exception of 25 and 26. Compound 26 is the 
most selective agent (> 10000-fold for ETa vs ET b ) 
reported to date and is well-absorbed orally (60% in 
rats). By comparison, compound 10a appears t be as 
potent against the ETa receptor as any of the above 
antagonists; it also shows the least affinity for ETb 
receptor, which translates into the largest ETb/ETa ratio 
(over 30000). 




25 (SB-217242) 

Table 5. Comparison Data for Representative ET A Selective 
Antagonists 





AET A 


AET B 


B/A 


lv 




compd 


binding 


binding 


ratio* 


half-life' (h) 


^(%) 


10a 


0.46 


13000 


28260 


1.6 


48 


22 


0.13 


175 


1346 


0.8 


N/A 


23 


0.17 


139 


818 


1.0 


41 


24 


48 


> 50000 


>1040 


N/A 


N/A 


25 


1.1 


111 


100 


3.3 


66 


26 


0.43 


>4300 


> 10000 


6.7 


60 



a Human receptor data acquired In a variety of systems, 
collected from a variety of sources. b Expressed as K\ (ETb)/A! (ETa) • 
c T\/z and oral bioavailability (F) data, measured In rats, collected 
from a variety of sources. 

Conclusions 

Two novel series of pyrToHdine-3K:arboLxylic acid based 
highly ETa selective antagonists have been identified 
through modification of the p-anisyl group of the ETa- 
selective endothelin antagonist 1. In the first series, 
structure— activity studies revealed that the p-anisyl 
group of 1 could be replaced with hydrophobic 2,2- 
dimethylpentyl (8h) and 2,2 -dimethylpentenyl (Br) 
groups. The resultant analogues retain the high ETa 
affinity of 1, but exhibit substantially reduced ETb 
activity. In particular, the combination of a 2,2-dim- 
ethylpentenyl group, /v^A^dibutylacetamide side chain, 
and a 7-methoxy- 1 ,3-benzodioxol-5-yl group provides 
antagonist 10b with subnanomolar affinity for the ETa 
receptor and over 100000-fold selectivity. A number of 
these compounds also exhibit oral bioavailabilities (in 
rats) in the 28—77% range and have good plasma half- 
lives. Of these, compound 10a, exhibits the best com- 
bination of biochemical and pharmacological properties, 
and has been identified as a potential backup to 1. 

For the alkyl heterocycle series, it was found that the 
size of the heterocycles and positioning of the hydrogen 
bonding acceptors are important in optimizing this 
series of highly selective antagonists. In particular, 
2-pyridylethyl (9o) and 2-(2-oxopyrrolidinyl)ethyl (9u) 
groups have the best combination of potency and 



Pyrrolidine-3-carboxylic Acids as End o the 1 in Antagonists 



Journal of Medicinal Chemistry, 1998, Vol 41, No. 17 3269 



selectivity. Unfortunately, poor pharmac kinetic pro- 
files are generally exhibited by these very hydrophilic 
compounds, which prevent them from being orally 
dosed. 

The highly selective receptor-binding profile of these 
potent and orally bioavailable compounds further im- 
proved the ETa selectivity observed with 1. It remains 
to be seen whether reduced ETb antagonism will prove 
to be advantageous in treating diseases in which en- 
dothelial plays a pathogenic role. 

Experimental Section 

General. Unless otherwise specified, all solvents and 
reagents were obtained from commercial suppliers and used 
without further purification. All reactions were performed 
under nitrogen atmosphere unless specifically noted. Flash 
chromatography was performed using silica gel (230—400 
mesh) from E. M. Science. Proton NMR spectra were recorded 
on a General Electric QE300 instrument with Me 4 Si as an 
internal standard and are reported as shift (multiplicity, 
coupling constants, proton counts). Mass spectral analyses 
were accomplished using different techniques, including direct 
chemical ionization (DO), atmospheric pressure chemical 
ionization (APCI), electrospray ionization (EST), and fast. atom 
bombardment (FAB), as specified for individual compounds. 
Elemental analyses were performed by Robertson Microlit 
Laboratories, Madison, NJ, and are consistent with theoretical 
values to within 0.4% unless indicated. 

Ethyl 2- Cr>HexanayI) -3- (ni tromethyl)- 1 ,3-benzodioxol- 
5 propionate (6, X = C^HsCHz, Y = H). To a solution of 
ethyl 3-oxo- 6-octanoate (5.0 g, 26.9 mmol) in 100 mL of THF 
was added 3,4-methylenedloxy-^-nitrostyrene (5.1 g, 26.4 
mmol), followed by the addition of potassium fierf-butcodde (30 
mg, 0.27 mmol). The mixture was stirred at room temperature 
for 2 h, during which the solid dissolved and the solution 
became reddish After 2 h, TLC (ethyl acetate— hexanes, 1:5) 
indicated complete consumption of the ketoester. The solution ' 
was then concentrated in vacuo, and the residue was flash 
chroma to graphed on silica gel eluting with 20% ethyl acetate 
in hexane to produce 8.7 g (23.0 mmol, 85%) of the title 
compound 6 as a mixture of diastereomers in a 1:1 ratio. 

trans, trans^Etliyl 2-(j7-PentyI)-4-(l,3-benzodioxol-5-yl)- 
pyrrolidine-3-carboxylate (7, X = dHoCH Zt Y = H). The 
nitro ketone 6 (8.7 g, 23.0 mmol) in 150 mL of ethyl acetate 
was hydrogenated under 4 arm of hydrogen pressure using a 
Raney nickel 2800 catalyst (8.7 g). The Raney nickel was 
washed sequentially with methanol, THF, and EtOAc before 
use. The catalyst was then removed by filtration, and the 
solution was concentrated under reduced pressure. The 
resulting crude imine (7.7 g, 23.3 mmol) was dissolved in 25 
mL of tetrahydrofuran and 50 mL of ethanol. Sodium cy- 
anoborohydride (1.6 g, 25.5 mmol) and 2 mg of bromocresol 
green were added. To this blue solution was added dropwise 
a solution of 1:2 concentrated HC1 in ethanol at such a rate 
that the color was kept at light yellow-green. After the yellow 
color persisted without additional HC1, the solution was stirred 
for an additional 40 min. The solution was then concentrated 
in vacuo and partitioned between chloroform and an aqueous 
saturated sodium bicarbonate solution. The organic phase was 
separated, dried oyer sodium sulfate, and concentrated under 
reduced pressure. The residue was dissolved in 35 mL of 
acetonitrile and DBU (4.3 g, 28.2 mmol) was added. The 
solution was refluxed overnight. TLC (EtOAc) showed no more 
cis,cis isomer. The solvent was removed in vacuo and the 
crude product was flash chromatographed on silica gel eluting 
with 75:25 ethyl acetate- hexane to give 3.5 g of pure trans ,- 
trans compound 7 (10.5 mmol, 46% from 6) as a light yellow 
oil. 

Resolution of Compounds.. Method A. trans, trans- 
Ethyl [2S ( 3Je,451 2 (2,2 DimcthylpcntyO 4 (1,3 berizodiox 
ol-5yI)pyrroUdine-3-cax^oxylate (18, X = CsHt^CH^zCHz, 
Y = H). The amino ester 7 (6.8 g, 18.8 mmol) was dissolved 



in 100 mL of ether a solution of 1.6 g (10.5 mmol) of (5)-(+)- 
mandelic add in 60 mL of ether was added, the total volume 
was made up to —200 mL, and the solution was seeded. The 
mixture was stirred slowly overnight. The resultant crystals 
were collected by filtration and recrystallized from ether/EtOAc 
to give 1.8 g (3.5 mmol, 37%) of a white solid. This material 
was partitioned between sodium bicarbonate and ether; the 
ether layer was washed with brine, dried over sodium sulfate, 
filtered, and concentrated in vacuo to give the enantiomerically 
pure product (>98% ee), as indicated by chiral HPLC analysis, 
using a Regis Whelk-O column. 

Method B. trans, trans-Methyl [2S,3/£4Sl-2-(2,2-Di- 
methylpentyl) -4 - (7-methoxy- 1 ,3-benzodioxoI-5-yI)pyrro- 
tidine-3-carboxyiate (21. X = QjHtQCHOzCH* Y - OCHg). 
To a solution of crude amino ester 7 (2.0 g, 5.1 mmol) in 40 
mL of dichJororne thane with 4 mL (28.7 mmol) of triethylamine 
was added 2.0 g (9.2 mmol) of di-fert-butyl dicarbonate. and 
the mixture was stirred at ambient temperature for 5 h. 
Solvents were then removed in vacuo, and the residue was 
taken up in 60 mL of ethanol. Aqueous sodium hydroxide (10 
mL of 2.5 N solution, 25 mmol) was added, and the resultant 
solution was stirred overnight. Solvents were removed in 
vacuo; the residue was taken up in water and extracted with 
ether. The aqueous phase was acidified with aqueous 1 N 
phosphoric add and extracted with EtOAc. The organic 
extracts were washed with brine, dried over sodium sulfate, 
filtered, and concentrated to give 1.0 g of a colorless oil. A 
sample of this material (0.734 g, 1.58 mmol) was combined 
with 0.35 g (1.9 mmol) of pentafluorophenol and 0.364 g (1.9 
mmol) of EDAC in 5 mL of DMF. The resultant solution was 
stirred at ambient temperature for 1 h, then was poured onto 
50 mL of 0.6 M sodium bicarbonate solution and extracted (3 
15 mL) with ether. The combined ether extracts were washed . 
with brine, dried over magnesium sulfate, filtered, and con- 
centrated in vacuo to give a foam, which was dissolved in 5 
mL of THF and cooled to 0 °C. Simultaneously, 0.4 18 g (2.37 
mmol) of (5) - (— ) -4 -benzyl-2-oxazolidinone was combined with 
—0. 1 mg of pyreneacetic acid in 5 mL of THF and cooled to 0 
C. AAButyllithium (1.6 M in hexanes) was added to a red 
endpoint (persists —10 s). and the solution was stirred for 10 
min. The solution was transferred into the THF solution of 
the pentafluorophenyl ester, and the resultant solution was 
stirred at 0 °C for 40 min. Solvents were removed In vacuo; 
the residue was taken up in sodium bicarbonate and extracted 
with ether (3 x 10 mL). The combined ether extracts were 
washed with brine, dried over magnesium sulfate, filtered, and 
concentrated in vacuo. The crude mixture of diastereomeric 
products was separated by flash chromatography on silica gel, 
eluting with a gradient from 4:1 — 3: 1 — 2: 1 hexanes/EtOAc. 
giving 423 mg (0.68 mmol) of the faster moving and 389 mg 
(0.63 mmol) of the slower moving dlastereomer, respectively. 
The faster moving dlastereomer was dissolved in 2 mL of a 
2.0 M solution of sodium methoxide (4.0 mmol) in methanol 
(freshly prepared, containing 5% methyl formate by volume) 
and stirred at ambient temperature for 16 h. Solvents were 
removed in vacuo, and the residue was partitioned between 
ether and aqueous 1 N sodium hydroxide. The ether layer was 
washed with brine, dried over magnesium sulfate, filtered, and 
concentrated in vacuo. The residue was purified by flash 
chromatography on silica gel, eluting with 4: 1 hexanes/EtOAc. 
The rfeSulfant material was dissolved in 5 mL of TFA and 
stirred at ambient temperature for 1 h. Solvents were 
removed in vacuo; the residue was suspended in sodium 
bicarbonate solution and extracted with EtOAc. The organic 
phase was washed with brine, dried over magnesium sulfate, 
filtered, and concentrated in vacuo to give 98 mg (0.25 mmol, 
33% from the TV-Boc acid) of the resolved amino ester. 

AWDibutylbromo^cetaimde, The bromoacetamide em- 
ployed in this study was prepared using the method of Weaver , 
as described In our earlier work. 

rra/xs6^a/i*2-(j>Pentyi)^-(l,3- 
di - 7>bu ty lamino) carbony lmethyl] pyrrolid ine- 3-carhoxy- 
lic Acid (3). The pyrrolidine 7 (48 mg, 0.14 mmol) was 
combined with 35 mg (0.14 mmol) of the A^TV-cUbutylbromoac- 
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etamide In 3 mL of acetonltrlle; 0.5 mL (2.9 mmol) of Hunlg's 
base was added, and the solution was allowed to stir overnight 
at ambient temperature. Solvents were removed in vacuo; the 
residue was partitioned between EtOAc and aqueous 1 N 
phosphoric acid. The organic layer was washed with sodium 
bicarbonate solution and brine, then dried over sodium sulfate, 
filtered and concentrated. The residue was purified by flash 
chromatography on silica gel. elutlng with 2: 1 hexanes/EtOAc. 
The product was dissolved in 4 mL of ethanol; 1 mL of 2.5 N 
aqueous sodium hydroxide (2.5 mmol) was added, and the 
resultant solution was stirred overnight at ambient temper- 
ature. Solvents were removed in vacuo; the residue was taken 
up in water and extracted with ether. The aqueous phase was 
acidified to pH 5 with aqueous 1 N phosphoric acid and 
extracted with EtOAc The organic extracts were washed with 
brine, dried over sodium sulfate, and filtered. The solvents 
were removed in vacuo to give 56 mg (0. 12 mmol, 86%) of the 
title compound as white foam: l H NMR (CDCU, 300 MHz) 6 
0.87 (t. ./= 7.5 Hz, 3H), 0.89 (t, J = 7.5 Hz, 3H), 0.97 (t. J= 
7.5 Hz, 3H), 1.21-1.42 (brm, 10H), 1.43-1.78 (brm, 6H), 2.76 
(t, J= 7.0 Hz, 1H), 3.02-3.30 (brm, 6H), 3.40-3.60 (m, 3H), 
3.73 (d, J= 14.0 Hz, 1H), 5.98 (AB, 2H), 6.70 (d, J= 8.1 Hz. 
1H). 6.77 (dd, J= 1.8, 8.1 Hz, 1H), 6.89 (d, J = 1.8 Hz, 1H); 
MS (DCI/NH3) (M + H) + at m/z 475. Anal. Calcd for 
C27H42N2CVO.5H2O: C, 67.05; H, 8.96; N, 5.79. Found: C, 
67.30; H, 8.77; N, 5.68. 

The following compounds were prepared using the proce- 
dures described above for compound 3. 

trans, trans-2- (4-Methylpentyl)-4- (l,3-benzodioxol-5- 
yl)- l-[(ArA^-/>buryiamino)cartonyIm 
3-carboxylic Acid (8a): an amorphous solid; *H NMR (CDCI3. 
300 MHz) 6 0.83 (d, J= 6.9 Hz, 3H), 0.84 (d, J= 6.9 Hz, 3H), 
0.91 (t. y== 7.5 Hz, 3H) ( 0.96 (t, y= 7.5 Hz, 3H), 1.13-1.90 
(m, 15H). 3.00-4.20 (m, 11H), 5.93 (s, 2H), 6.74 (d. J= 8.1 
Hz, 1H). 6.78 (dd, J= 1.8, 8.1 Hz, 1H), 6.87 (d, J= 1.8 Hz, 
1H); MS (APCI) (M + H) + at m/z 489. Anal. Calcd for 
C 2 8H44N 2 CV0.65*rFA: C, 62.53; H, 8.00; N, 4.98. Found: C, 
62.50; H, 8.02; N. 4.96. 

trans, trans-2- (3-MethyipentyI)-4-(l ,3-benzodioxol-5- 
yl)- 1 - 1 (A^A/kli-/j-burylainino)c^rbonylmethyll pyrrolidine- 
3-carboxylic Acid (8b): an amorphous solid; *H NMR (CPC1 3 , 
300 MHz, 1:1 mixture of diastereomers) d 0.83 (t, J= 7.5 Hz, 
3H), 0.85 (d, y= 7.5 Hz, 3H), 0.91 (t, J= 7.5 Hz, 3H), 0.97 (t, 
J= 7.5Hz.3H), 1.05-1.22 (m,2H), 1.22-1.41 (m,7H), 1.43- 
1.68 (m, 5H), 1.89 (m. 1H), 2.94 (t, J= 6.0 Hz, 1H), 3.15-3.27 
(m, 3H), 3.29-3.60 (m, 5H), 3.72 (brd, J = 6.0 Hz 1H), 3.92 
(brd, y= 13.5 Hz, 1H), 5.93 (dd. J= 2.0. 4.0 Hz, 2H). 6.73 (d, 
y= 8.1 Hz, 1H), 6.78 (dd, J= 1.8. 8.1 Hz, lH). 6.88 (d. J = 
1.8Hz. !H);MS(DCa/NH3)(M + H) + at7n/z489. Anal. Calcd 
for C 2 8H44N 2 O5'0.60TFA-0.25Et2O: C. 66.08; H, 9.02; N, 4.99. 
Found: C, 65.93; H, 8.81; N, 4.84. 

trans, trans-2- (2-Methylpentyl) -4- (1 ,3-benzodioxol-5- 
yi)-l-[(A£A£di-7>butyl)aininocai^nyta 
3-carboxylic Acid (8c): white solid; l H NMR (CDCI3. 300 
MHz, 1:1 mixture of diastereomers) 6 0.8-1.0 (m, 12H), 1.20- 
1.40 (m. 7H), 1.45-1.60 (m, 6H), 1.60-1.74 (m, 1H), 1.80-2.0 
(m, 1H), 3.10-3.40 (m. 5H), 3.67-3.78 (m, 1H). 3.80-3.91 (m, 
1H), 4.0-4.20 (m, 2H), 4.30-4.50 (m, 2H). 5.93 (d. J= 1.5 
Hz, 2H). 6.73 (dd. J= 1.8. 8.1 Hz, 1H), 6.79 (ddd, y= 1.8, 1.8, 
8.1 Hz, 1H), 6.86 (dd, J= 1.8, 3.9 Hz, 1H); MS (DCI/NH3) (M 

H) + at /n/z 489. Anal. Calcd for 028^^05- 1 .0TFA- 
0.5H 2 O: C, 58.91; H. 7.58; N, 4.58. Found: C, 58.91; H. 7.58; 
N, 4.45. 

trans, trans-2-(l , l-DimethyIpentyl)-4- (1,3-benzodioxol- 
5-yl) - 1 - [(NJV-dl-n-hu tylamino) carbonylmethyllpyrro- 
Hdine-3-carboxylic Acid (8d): white solid; l H NMR (CDC1 3 , 
300 MHz) 6 0.93 (t. J= 7.5 Hz, 3H), 0.94 (t, J= 7.5 Hz. 3H), 
0.95 (t, y= 7.5 Hz, 3H), 1.06 (s. 3H), 1.12 (s, 3H). 1.20-1.42 
(m, 10H), 1.44-1.68 (m, 4H), 3.16-3.60 (m, 6H), 3.91 (brdd, y 
= 6.0, 11.4 Hz, 1H), 4.08 (d, _/= 16.8 Hz, 1H), 4.27 (m, 1H), 
4.33 (d, J= 9.0 Hz. 1H). 5.87 (brd, y= 18.0 Hz, 1H), 5.94 (s, 
2H), 6.70 (d. ./ = 8.1 Hz. 1H), 6.82 (dd. ./= 1.8, 8.1 Hz. 1H), 
6.85 (d. J= 1.8 Hz, 1H); MS (APCI/NH3) (M + H) + at /n/z 
503. Anal. Calcd for C 2 9H46N 2 O 5 -1.60HCl: C, 62.09; H, 8.55; 
N, 4.99. Found: C, 62.09; H, 8.21; N, 4.65. 



firam. ^ra^ 2- (3 -Ethylpentyi) -4- (1,3 -benzodioxol-5-yl)- 
1 - [ ( A^/V di -/J- butylamino) carbonylmethyllpyrrolidine-3- 
carboxyiic Acid (8e): white solid; l H NMR (CDCI3. 300 MHz) 
6 0.81 (t, J = 7.5 Hz. 6H), 0.90 (t, J= 7.5 Hz, 3H), 0.96 (t, J 
= 7.5 Hz. 3H), 1.10-1.42 (m, 12H), 1.43-1.62 (m, 4H). 1.68- 
1.72 (brm, 1H), 2.91 (bit, ./= 7.5 Hz, 1H), 3.14-3.28 (m, 2H). 
3.28-3.52 (m, 6H), 3.70 (brd, ./ - 6.6 Hz, 1H), 3.92 (brd, J>= 
16.5 Hz, 1H), 5.92 (dd, J= 2.0, 4.0 Hz. 2H), 6.71 (d. ./= 8.1 
Hz, 1H), 6.79 (dd, J= 1.8, 8.1Hz, 1H), 6.88 (d. ./ = 1.8 Hz, 
1H); MS (DCI/NH3) (M + H) + at m/z 503. Anal. Calcd for 
C 2 9H 46 N2O5-0.3TFA: C. 66.22; H. 8.69; N, 5.22. Found: C. 
66.40; H, 9.08; N, 5.10. 

trans, fra/w-2-(2-PropylpentyI) -4- (1 ,3-benzodioxol-5- 
yI)-l-[(A£A^-/^burylaiirino)cart>on^ 

3-carboxylic Add (8f): an amorphous solid; *H NMR (CDCI3, 
300 MHz) 6 0.85 (m, 6H), 0.92 (t, y = 7.5 Hz, 3H), 0.97 (t, ./= 
7.5 Hz, 3H), 1.12-1.40 (m. 13H), 1.42-1.68 (m, 6H). 2.90 (m, 
1H), 3.14-3.30 (m, 3H), 3.33 (m, 5H), 3.72 (brm, 1H), 3.90 
(brm, 1H). 5.93 (dd, J= 2.0, 4.0 Hz. 2H), 6.73 (d, J= 8.1 Hz, 
1H). 6.78 (dd, y = 1.8, 8.1 Hz, 1H). 6.88 (d, J= 1.8 Hz, 1H); 
MS (DCI/NH3) (M + H) + at m/z 517. Anal. Calcd for 
C3oH48N 2 0 S '0.35TFA: C, 66.24; H, 8.76; N, 5.03. Found: C, 
66.26; H. 8.82; N, 4.98. 

*ra/xs;*rajis^2-(5,5,5-TrifhioiT>pen^ 
5-yl) - 1 - [ (TV, A^-di ~n- butylamino) carbonylmethyl J pyrro- 
lidine' 3-carboxylic Add (8g): an amorphous solid; 'H NMR 
(CDCI3, 300 MHz) 6 0.92 (t, J= 7.5 Hz, 3H), 0.95 (t. J= 7.5 
Hz, 3H). 1-31 (septet, /=7.5Hz, 4H), 1.41-1.66 (m, 8H), 
1.76-2.15 (m. 4H), 3.10-3.25 (m, 3H), 3.30 (dd, J= 6.0, 12.6 
Hz, 1H), 3.40 (dd, J= 6.0, 12.6 Hz. 1H), 3.67 (t, y« 10.8 Hz, 
1H), 3.77 (t. 10.8 Hz. 1H). 3.99 (dd. J= 9.9. 19.2 Hz, 1H), 
4.03 (d, J= 16.5 Hz. 1H). 4.23-4.33 (m, 1H). 4.35 (d. J= 16.5 
Hz, 1H). 5.94 (s. 2H), 6.73 (d, y= 8.1 Hz, lH), 6.79 (dd, J= 
1.8, 8.1 Hz, 1H), 6.82 (d, J= 1.8 Hz, 1H); MS (ESI) (M + H) + 
at/n/z529. Anal. Calcd for C^Ha&N^sFa- 1 .05TFA: C. 53.91; 

H, 6.23; N, 4.32. Found: C. 53.99; H, 6.08; N. 4.09. 
fra^5>firans-2-(2 f 2-DimethylpentyI)-4-(l,3-berizodioxol- 

5-yI) - 1 - [{!V,lV-di-n- butylamino) carbonylmethy 1] pyrro- 
lidine-3-carboxylic Acid (8h): white soUd; l H NMR (CDCI3, 
300 MHz) 6 0.80-0.99 (m, 15H). 1.10-1.37 (m, 8H), 1.43- 

I. 58 (m, 4H). 1.77-1.97 (m, 2H), 3.48-3.12 (m. 5H), 3.60- 
3.69 (m, 1H), 3.75-3.86 (m. 1H), 3.95-4.16 (m, 2H), 4.28-4.4 
(m, 2H), 5.94 (s, 2H), 6.74 (d, J= 8.1 Hz, 1H), 6.8 (dd, 1.8, 
8.1 Hz, 1H), 6.87 (d, J= 1.8 Hz, 1H); MS (DCI/NH3) (M + H) + 
at 773/^503. Anal. Calcd for C^^eN^s'l.OSTFA: C, 60.01; 

H, 7.62; N, 4.50. Found: C. 60.21; H, 7.37; N. 4.33. 
trans, trans-2- (4-Methyl-3-pentenyl)-4-(l 3-benzodioxol- 

5-yl)-l-[(yV,^-di-/i-butylajnino)carbonylmethyllpyrro- 
Udine-3-carboxylic Acid (8i): white solid; >H NMR (CDCI3. 
300 MHz) 6 0.93 (t. J= 7.5 Hz, 3H), 0.96 (t -/= 7.5 Hz, 3H), 

I. 24-1.38 (m, 4H), 1.35-1.57 (m, 4H), 1.57 (s. 3H). 1.64 (s, 
3H), 1.83-2.16 (m. 4H), 3.10-3.40 (m. 5H). 3.69-3.88 (m. 2H). 
3.95-4.10 (m, 1H), 4.19 (d, ^= 15.9 Hz. 1H), 4.26-4.34 (m, 
1H), 4.39 (d, J= 16.2 Hz, 1H), 5.00-5.07 (m, 1H), 5.94 (s. 
2H). 6.73 (d, y= 8.1 Hz. 1H), 6.78 (dd. J= 1.8, 8.1 Hz, 1H), 
6.85 (d, J= 1.8 Hz, 1H); MS PCI/NHJ (M + H) + at /7i/z487. 
Anal. Calcd for CzsH^Os-O.OSH^-l.lSTFA: C, 58.79; H, 
6.90; N, 4.34. Found: C, 58 : 82; H, 7.05; N, 4.53. 

trans, trans-2- (4-Methyl-4 -hexenyl) -4- (1 ,3-benzodioxoI- 
5-yl) - 1 - [{N,N-d\ butylamino) carbonyl methyl] pyrro- 
lidine- 3 carboxylic Acid (8j): white soUd; 'H NMR (CDCh, 
300 MHz, 1:1 mixture of geometric isomers) 6 0.87-1.01 (m, 
6H), 1.23-1.39 (m, 4H), 1.45-1.60 (m. 4H), 1.54 (brs. 3H), 1.66 
(brs. 1H), 1.83-2.20 (m, 6H). 1.96 (q, J = 7.5 Hz, 2H), 3.16 
(brt, J= 7.8 Hz, 2H). 3.22-3.32 (m, 1H), 3.36 (brtm, -/= 7.5 
Hz, 2H). 3.69-3.83 (brm. 2H), 4.05 (brdd, y= 9.6. 18.0 Hz, 
1H), 4.23-4.42 (m, 3H), 4.97-5.06 (brm, 1H), 5.96 (s, 2H), 6.77 
(brs, 2H), 6.84 (brs, 1H); MS (DCI/NH3) (M + H) + at yn/z501. 
Anal. Calcd for C 2 9H 44 N 2 O5-3.80TFA: C, 47.07; H, 5.16; N, 
3.00. Found: C, 47.14; H, 4.96; N, 2.97. 

trans, trans-2- (3-Cyclopropylidenepropyl)-4- (1 t 3-ben- 
zodioxol-5-yi)-l -[(A£/^di-./>l>urylainino)car^ 
pyrrolidine-3-carboxylic Acid (8k): white solid; ] H NMR 
(CDCI3, 300 MHz) 6 0.92 (t, J= 7.5 Hz, 3H), 0.95 (t, J= 7.5 
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Hz, 3H), 1.01 (s, 4H), 1.31 (septet, .7=7.5 Hz, 4H), 1.51 (sextet. 
J= 7.5 Hz, 4H), 1.95-2.41 (m, 4H), 3.16 (t, J= 7.5 Hz, 2H), 
3.24-3.43 (m, 3H), 3.73-3.89 (brm. 2H). 4.03 (dd, J= 10.5, 
19.5 Hz, 1H), 4.21 (d. J= 16.5 Hz, 1H), 4.34 (m, 1H), 4.36 (d. 
J= 18.0 Hz, 1H), 5.70 (brm, 1H), 5.94 (s, 2H), 6.74 (d, ./= 8.1 
Hz, 1H). 6.79 (dd, y= 1.8. 8.1 Hz, 1H), 6.86 (d, J= 1.8 Hz, 
1H); MS (DCI/NH3) (M + H) + at m/z 485. Anal. Calcd for 
C28H40N2O5-1.80TFA: C, 55.02; H. 6.11; N. 4.06. Found: 
C, 55.12; H, 6.18; N, 4.13. 

trans, trans-Z- [3 (^-PentenylJ-4-(l f 3-benzodioxol- 5-yI) - 
l-[(A^Vdi-j>butylamino)car^nylmethyl]pyrroli 
carboxylic Acid (81): white solid; *H NMR CDC1 3 , 300 MHz) 
<5 0.93 (t, J= 7.5 Hz, 3H), 0.96 (t, ./= 7.5 Hz, 3H), 1.32 (septet, 
y= 7.5 Hz, 4H), 1.51 (sextet. J= 7.5 Hz, 4H). 1.60 (dd, J= 
6.0, 14.7 Hz, 3H), 1.88-2.21 (m. 4H), 3.10-4.43 (m, 5H). 3.72- 
(dd. y= 10.2, 22.8 Hz, 1H), 3.77 (dd, J= 12.0, 21.0 Hz, 1H), 
3.95-4.10 (m, 2H), 4.26 (m, 1H), 4.29 (d, y= 16.5 Hz, 1H), 
5.23-5.38 (m. 1H), 5.48 (qd. J = 6.0, 21.0 Hz, 1H). 5.94 (s, 
2H), 6.83 (d. ./= 8.1 Hz, 1H), 6.89 (dd, y= 1.8, 8.1 Hz, 1H), 
6.98 (d, J= 1.8 Hz, 1H); MS (DCI/NH3) (M + H) + at /jj/*473. 
Anal. Calcd for C 2 7H4oN20 5 '0.85TFA: C, 60.52; H, 7.23; N. 
4.92. Found: C, 60.63; H, 7.27; N, 4.88. 

tranSytrans-Z- [3 CZ)-PentenylJ -4 - (1 ,3-benzodioxol-5-yI) - 
14(A£A£di-jj-burylainino)cari>oriylmeth^ 
carboxylic Add (8m): white solid; ! H NMR (CDCI3, 300 
MHz) <5 0.92 (t, J= 7.5 Hz, 3H), 0.95 (t. ./= 7.5 Hz. 3H), 1.20- 
1.40 (m, 4H), 1.45-1.63 (m, 4H). 1.57 (dd, ./ = 1.5, 6.9 Hz, 
3H). 1.88-2.24 (m, 4H). 3.15 (td. J= 1.8, 7.8 Hz, 2H), 3.25- 
3.42 (m, 3H). 3.68-3.88 (m, 2H), 4.03 (dd. J*= 9.0, 11.1 Hz, 
1H), 4.12 (d, J= 16:8 Hz. 1H), 4.32 (brm, 1H). 4.35 (d, J = 
16.8 Hz. 1H), 5.29 (brm, 1H). 5.49 (dd, J= 6.0, 1 1.1 Hz. 1H), 
5.94 (s, 2H), 6.74 (d, J = 8.1 Hz, 1H), 6:81 (dd, ^= 1.8, 8.1 
Hz. 1H). 6.88 (d, ./= 1.8 Hz, 1H); MS (APCI) (M + H) + at /jj/* 
473. Anal. Calcd for C 2 7H 4 oN 2 05'1.10TFA-1.05AcOH: C. 
57.10; H, 6.96; N, 4.25. Found: C. 57.17; H, 6.70; N, 3.97. 

trans, trans-Z- (4-Pentenyl)-4- (1 ,3-benzodioxol-5-yI)- 1 - 
[(A^7Vdi-7i-butylamino)carbonylmethyllpyTrolidine-3- 
carboxylic Acid (8n): white solid; >H NMR (CDCI3, 300 MHz) 
6 0.93 (t, J= 7.5 Hz, 3H), 0.96 (t, J= 7.5 Hz, 3H), 1.24-1.38 
(m, 4H). 1.42-1.65 (m, 6H). 1.80-2.03 (m, 2H), 2.09 (q, J = 
7.0 Hz. 2H), 3.12-3.44 (m, 5H). 3.72 (t, J= 1 1.3 Hz. 1H). 3 84 
(t, y= 10.5 Hz, 1H), 3.98 (d. J= 12.0 Hz. 1H), 4.03 (d, J = 
16.8 Hz. 1H). 4.30-4.40 (m, 1H), 4.37 (d, ./ = 16.8 Hz. 1H), 
4.96 (m. 1H), 5.01 (dd, J= 2.4, 11.7 Hz, 1H). 5.71 (tdd. ./ = 
3.3, 6.9, 18.0 Hz. 1H), 5.95 (s, 2H), 6.74 (d, J - 8.1 Hz, 1H). 
6.81 (dd, y» 1.8. 8.1 Hz, 1H). 6.87 (d, y= 1.8 Hz. 1H); MS 
CDCI/NH3) (M + H) + at m/zA7Z. Anal. Calcd for C27H40N2O5' 
1.05TFA: C, 59.01; H, 6.99; N, 4.73. Found: C, 58.91; H, 6.72; 
N. 4.50. 

trans, trans-Z- (4-Methyl-4 -pentenyl) -4(1 ,3 benzodioxol 
5-yl)- 1 - [(Ar,A£di-7j-butylamino) carbonylmethyl] pyrro- 
Iidine-3-carboxylic Acid (80): white solid; 'H NMR (CDC1 3 , 
300 MHz) 6 0.93 (t, J= 7.5 Hz, 3H), 0.96 (t J~ 7.5 Hz, 3H), 
1.31 (septet, J= 7.5 Hz, 4H), 1.53 (sextet, J= 7.5 Hz, 4H), 
1.67 (s, 3H). 1.87-2.0 (m, 2H). 2.04 (t, J= 7.2 Hz, 2H), 3.17 
(brtd. y= 3.0, 9.0 Hz, 2H), 3.37 (dd, .7 = 8.4, 18.0 Hz, 2H), 
3.38 (dd, J= 6.0, 13.8 Hz, 2H), 3.75 (t, J= 11.4 Hz, 1H), 3.86 
(t,y= 9.0 Hz, 1H), 4.04 (dd, y= 11.1, 21.0 Hz, 1H), 4.11 (d, 
J = 16.8 Hz. 1H), 4.37 (d, y= 16.8 Hz, 1H), 4.40 (brm, 1H). 
4.64 (s.'lH), 4.72 (s, 1H). 5.95 (s. 2H), 6.75 (d. J= 8.1 Hz. 
1H). 6.82 (d, J= 1.8, 8.1 Hz, 1H), 6.89 (d, jr = 1.8 Hz, 1H); 
MS (DCI/NH3) (M + H) + at yji/z 487. Anal. Calcd for 
C i8 H«N 2 CV1.30TFA: C, 57.89; H. 6.87; N. 4.41. Found: C. 
57.97; H, 6.84; N, 4.48. 

trans, trans-Z- [3-Methyl- 3 (£) -pentenyl] -4- ( 1 ,3-benzo- 
dioxol-5yl)l - [(A^A^di-/7-butylamJno)carbonylmethyll- 
pyrrolidine -3 -carboxylic Acid (8p): white amorphous solid; 
»H NMR (CDCI3, 300 MHz) 6 0.92 (t, J = 7.5 Hz, 3H) ( 0.97 (t, 
J= 7.5 Hz, 3H), 1.22-1.40 (m. 5H), 1.44-1.61 (m, 8H), 1.82 
(brm, 1H), 2.02 (m. 3H), 3.05-3.30 (m, 5H), 3.38 (m, 1H), 3.55 
(brm. 2H), 3.85 (m, 3H), 4.12 (brd. J = 15.0 Hz, 1H), 5.21 (dd, 
y= 6.0, 12.0 Hz, 1H), 5.93 (s, 2H), 6.73 (d. J= 8.1 Hz, 1H), 
6.78 (dd, y= 1.8, 8.1 Hz, 1H), 6.88 (d, _/ = 1.8 Hz, 1H); MS 



(DCI/NH3) (M + H) + at 77j/>487. Anal. Calcd for C28H42N2O5- 
0.70TFA: C. 62.34; H. 7.60; N, 4.95. Found: C, 62.49; H. 7.43* 
N, 4.73. 

i^rw«l^aiz^2-(2 > 2,4-THniethyl-3-pentenyl)-4-(l,3-ben- 
zodioxo^5->i)-l-[(7V^AMi-J>butylamino)carbon3^etfayI]- 
pyirolidine-3-car boxy lie Acid (8q): white powder; ! H NMR 
(CDCU, 300 MHz) 6 0.92 (t, J= 7.5 Hz, 3H), 0.94 (t, ./= 7 5 
Hz, 3H). 1.11 (s, 3H). 1.13 (s, 3H), 1.24-1.37 (m, 4H), 1.46- 
1.59 (m, 4H), 1.61 (d. y= 1.2 Hz. 3H), 1.69 (d, y= 1.2 Hz, 
3H), 2.04-2.1 1 (m, 2H), 3.10-3.20 (m, 2H), 3.30-3.39 (m. 3H). 
3.67-3.82 (m. 2H), 3.95-4.08 (m, 1H), 4.32 (m. 2H). 4.37- 
4.47 (m. 1H). 4.99 (s, 1H), 5.95 (s, 2H), 6.73 (d. J= 8.1 Hz, 
1H), 6.78 (dd. y = 1.8, 8.1 Hz, 1H), 6.84 (d, y= 1.8 Hz, 1H); 
MS (DCI/NH3) (M + H) + at m/z 515. Anal. Calcd for 
CsoH^sNzOs-l.OSTFA: C, 60.77; H. 7.48; N, 4.42. Found: C, 
60.83; H, 7.20; N, 4.43. 

fram,iran^[25:3i^4^-2-[2,2-Dimethyl-3(^-pentenyl]- 
4-(l,3-benz€Kiioxol-5-yl)-l-[(A^-di-/7-butylamino)carbo- 
rrymiethyllpyrrolidine-3-carboxylic Acid (8r): white solid; 
l H NMR (CDC1 3 , 300 MHz) 6 0.93 (t, J = 7.5 Hz, 3H), 0.96 (t, 
J= 7.5 Hz. 3H), 0.98 (s, 3H). 1.00 (s. 3H), 1.32 (septet, J=> 
7.5 Hz, 4H), 1.54 (sextet, y= 7.5 Hz, 4rfl, 1.60 (d, J** 5.7 Hz. 
3H), 1.80-1.94 (m, 1H), 1.96-2.06 (m, 1H), 3.12-3.32 (m. 3H), 
3.35 (td, y= 3.0. 9.6 Hz. 2H). 3.60-3.69 (m. 2H), 3.87-4.20 
(m, 3H), 4.14 (brd, y= 15.0 Hz, 1H), 5.30 (d, ^= 15.6 Hz, 
1H), 5.39 (qd, J= 6.0, 15:6 Hz, 1H), 5.94 (s, 2H), 6.74 (d, J= 
8.1 Hz, 1H), 6.82 (dd, 1.8. 8.1 Hz. 1H), 6.88 (d, y= 1.8 Hz. 
1H); MS (DCI/NH3) (M + H) + at 773/z 501. Anal. Calcd for 
C 29 H 44 N2O 5 -0.70TFA: C, 62.90; H, 7.76; N, 4.83. Found: C. 
62.72; H, 7.83; N, 4.82. 

^ran^fra^^-2-[2-(1.3-Dioxol-2-yl)ethylJ-4-(l,3-benzo- 
dioxol-5-y 1) - 1 - [(^V, A^di -71-burylamino) carbonylmethylj- 
pyrrolidine 3-carboxylic Acid (9a): white powder; *H NMR 
(CDCI3. 300 MHz) 6 0.93 (t. J =* 7.5 Hz. 3H). 0.95 (t, J= 7.5 
Hz, 3H), 1.23-1.38 (m, 4H), 1.52 (sextet, J= 7.5 Hz, 4H). 
1.85-1.95 (m, 2H), 2.02-2.17 (m. 2H). 3.18 (dd, J= 6.0. 9.0 
Hz. 2H). 3.30 (dd, J = 9.0, 18.0 Hz. 2H). 3.35 (m, 1H). 3.79 
(dd, y= 3.6, 6.9 Hz, 1H), 3.83-3.88 (m, 3H), 3.97 (dd, y= 4.8, 
6.0 Hz. 1H), 4.05 (q, J= 9.6 Hz, 2H), 4.30-4.40 (m. 1H), 4.37 
(s, 2H), 4.87 (t. J= 4.1 Hz. 1H). 5.94 (s, 2H), 6.73 (d, ./= 8.1 
Hz, 1H). 6.79 (dd, J = 1.8, 8.1 Hz, 1H). 6.87 (d. y = 1.8 Hz, 
1H); MS (APCI) (M + H) + at m/z 505. Anal. Calcd for 
C27H 4 oN 2 07-1.20TFA: C. 55.05; H, 6.47; N, 4.37. Found: C, 
55.12; H. 6.44; N. 4.27. 

rra7x^tra^s-2-[2-(4,5>Dimethyl-l,3-dioxol-2-yI)ethyl]-4- 
(1 ,3-benzodioxol-5-yl)- 1 - 1 (A^/V^-i>buryiairiino)carbonyl- 
methyl]pyrrobdine-3-carboxylic Add (9b): white powder; 
l H NMR (CDCI3, 300 MHz. mixture of diastereomers) 6 0.89- 
0.99 (m, 6H), 1.15 (t, J= 7.5 Hz, 3H), 1.20-1.38 (m. 7H). 1.44- 
1.60 (m, 4H), 1.75-1.95 (m, 2H), 1.97-2.26 (m. 2H). 3.13- 
3.40 (m, 4H), 3.62-3.70 (m, 1H), 3.70-3.88 (m. 2H), 4.05 (m, 
1H). 4.16 (m. 1H), 4.25-4.45 (m, 4H). 4.88 (t, y= 4.4 Hz) and 
5.06 (td. J= 1.2, 4.4 Hz, 1H in total), 5.96 (s, 2H), 6.77 (brm. 
2H), 6.83 (brs, 1H); MS CDCI/NH3) (M + H) + at 773/z533. Anal. 
Calcd for C 2 9H44N 2 Or 1 -35TFA: C, 55.45; H, 6.66; N, 4.08. 
Found: C, 55.47; H, 6.47; N, 4.03. 

trans, trans-Z- [2- (1 ,3-Dioxan-2-yl)ethyl]-4- (1 ,3-benzo- 
dioxol 5 yl)-l-[(A r ,A^di-77-burylamino)carbonylmethyl]- 
pyrrolidine- 3-carboxylic Acid (9c): white powder; l H NMR 
(CDCfe. 300 MHz) 6 0.90 (t, J = 7.5 Hz, 3H), 0.96 (t, y = 7.5 
Hz, 3H), 1.23-1.41 (m, 6H), 1.42-1.62 (m, 6H), 1.62-1.75 (m, 
2H), 2.66 (dd, J= 6.9, 8.4 Hz. 1H), 2.83-2.94 3H). 3.07 
(td, y=7.8, 15.0 Hz, 1H), 3.16 (dd, .7=3.9, 9.6 Hz, 2H). 3.38- 
3.69 (m, 3H), 3.72(d. y= 8.4 Hz. 1H), 3.76 (dd, J= 3.0, 10.2 
Hz, 2H), 4.07 (dd, y= 4.2, 11.1 Hz, 2H), 4.52 (t, y= 4.5 Hz, 
1H), 5.91 (dd, y= 2.0, 4.0 Hz, 2H), 6.68 (d, J= 8.1 Hz, 1H), 
6.73 (dd, y= 1.8. 8.1 Hz, 1H), 6.86 (d, ^= 1.8 Hz. 1H); MS 
(DCI/NH3) (M + H) + at /nXz 519. Anal. Calcd for C28H42N2O 
1.50TFA: C, 53.99; H, 6.36; N. 4.06. Found: C, 54.06; H, 6.50; 
N, 3.99. 

trans, trans-2- [3- ( 1 ,3-Dioxol-2-yl)propyll-4-(l ,3-benzo- 
dioxol-5-yI)-l • [(A^A^-di ^butylamino)carbonylmethylJ- 
pyrrolidine 3-carboxylic Acid (9d): white powder; l H NMR 
(CDC1 3 , 300 MHz) 6 0.93 (t, J= 7.5 Hz, 3H). 0.95 (t. J= 7.5 
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Hz, 3H), 1.32 (septet, J= 7.5 Hz, 4H), 1.52 (sextet, J= 7.5 
Hz, 6H), 1.65-1.75 (m, 2H). 1.85-2.12 (m, 2H), 3.17 (dd, J= 
6.3, 9.3 Hz, 2H), 3.21-3.45 (m, 3H), 3.78 (dd. y= 3.6. 6.9 Hz, 
1H), 3.80-3.97 (m, 5H), 4.03 (q. y= 9.7 Hz, 1H), 4.16 (d, ./= 
16.5 Hz, 1H), 4.33 (m, 1H). 4.37 (d, y= 16.5 Hz, 1H). 4.82 (t. 
y= 4.5 Hz, 1H), 5.95 (s, 2H), 6.75 (d. ./ = 8.1 Hz, 1H), 6.81 
(dd. y= 1.8, 8.1 Hz, 1H). 6.88 (d, J= 1.8 Hz, 1H); MS (APCI) 
(M + H) + at 773/^519. Anal. Calcd for C28H42N2CVI.5OTFA: 
C, 53.99; H, 6.36; N, 4.06. Found: C. 54.06; H, 6.26; N, 4.05. 

^a7M,^a^^-I2-(l,3-IMthia)ethyl]-4-(l f 3-benzodioxol- 
5-yl)- 1 • [(Af,V\£di-/J-buryIamino)carbonylmethyl]pyrro- 
lidine-3-carboxylic Acid (9e): white powder; ] H NMR 
(CDCI3, 300 MHz) <5 0.92 (t, J=* 7.5 Hz, 3H), 0.95 (t, J= 7.5 
Hz, 3H), 1.24-1.40 (m. 4H), 1.45-1.61 (m, 4H), 1.89 (q, J~ 
7.4 Hz, 2H), 1.97-2.10 (m. 1H), 2.15-2.25 (m, 1H), 3.13-3.45 
(m, 9H). 3.75-3.93 (m, 2H), 4.03 (dd, ./= 9.6, 18.9 Hz, 1H), 
4.25 (d, J= 15.9 Hz, 1H). 4.28-4.39 (m. 1H), 4.44 (d, J= 15.9 
Hz, 1H). 4.50 (t. J= 6.5 Hz, 1H). 5.96 (s, 2H), 6.76 (d. J= 8.1 
Hz. 1H), 6.79 (dd, J=* 1.8, 8.1 Hz, 1H), 6.87 (d, ./ = 1.8 Hz, 
1H); MS (APCI) (M + H) + at /n/z 537. Anal. Calcd for 
Czr^oNzOsSa-l.lSTFA: C, 52.69; H. 6.21; N. 4.19. Found: C. 
52.68; H, 5.97; N, 4.00. 

trans,trans-2- [2,2-Dimethyl-2-(l ,3-dioxol-l-yl)ethyl]-4- 
(1 3-benzodiaxol-5-yI)- l-[(AUN£di-^buryIamino)carbai^l- 
me thyl] pyrrolidine- 3 -car boxy li c Add (9f): white powder; 
■H NMR (CDCU, 300 MHz) 6 0.82-1.00 (m, 12H). 1.24-1.40 
(m, 4H), 1.43-1.64 (m, 5H), 1.76-1.84 (m, 1H), 2.93^3.00 (m, 
1H), 3.15-3.47 (m. 6H). 3.60-3.70 (m, 3H). 3.74-3.95 (m, 5H), 
4.48 (s, 1H), 5.94 (m, 2H), 6.72 (d. y = 8.1 Hz, 1H). 6.83 (dd. 
y= 1.8, 8.0 Hz. 1H), 6.94 (d, J= 1.8 Hz, 1H); MS (DCI/NH3) 
(M + H) + at vn/z 533 Anal. Calcd for CzgH^NzCV 1 . 10TFA- 
O.2H2O: C, 56.63; H. 6.93; N, 4.23. Found: C, 56.60; H, 6.96; 
N. 4.25. 

trans,trans-2- [2-(2-TetrahydropyranyI)ethyl]-4-(l ,3- 
benzodioxoI-5-yI)- 1 - ( (JVJV- di -/> buty lamino)car bonylme- 
thylJpyrrolidine-3-carboxylic Acid (9g): an amorphous 
white solid; *H NMR (CDCI3, 300 MHz, 1:1 mixture of two 
diastereomers) 6 0.89 (t, J= 7.5 Hz. 3H), 0.91 (t, J= 7.5 Hz, 
3H). 1.30 (septet. 5H), 1.42-1.66 (m, 8H). 1.71 (brm. 1H), 1.85 
(brm. 1H), 1.96-2.23 (brm, 2H). 3.10-3.29 (m. 4H), 3.29-3.52 
(m. 3H), 3.54-3.81 (m, 3H). 4.01 (q, y= 9.0 Hz, 1H). 4.12- 
4.25 (m, 2H), 4.43 (d, ./ = 9.0 Hz, 1H). 4.50 (d. ./ = 2.7 Hz, 
1H), 5.94 (s) and 5.95 (s, 2H in total), 6.76 (s, 2H), 6.81 (s, 
1H); MS (APCD (M + H) + at /n/if 517. Anal. Calcd for 
C2ftH44N 2 (Vl.40TFA: C. 56.48; H, 6.77; N, 4.14. Found: C, 
56.46; H, 6.99; N, 3.83. 

trans, trans-2- [2 - (4-Tetrah.ydro- 2 if-pyranyl) e thyl] - 4 - 
(1 3-benzodioxol-5-yI)- l-[(A^A^<U-/7-burylamino)carbonyl- 
metliyi]pyrroUdine-3-carbox>iic Acid (9h): an amorphous 
white solid; *H NMR (CDa 3 . 300 MHz) d 0.90 (t, J= 7.5 Hz, 
3H). 0.97 (t, J = 7.5 Hz, 3H), 1.17-1.42 (m, 8H), 1.42-1.66 
(m, 8H). 1.66-1:81 (m, 1H). 2.73 (t, ./= 7.2 Hz. 1H), 3.06 (dd. 
J= 9.6, 18.6 Hz, 2H), 3.11-3.60 (m, 9H), 3.68 (d, J= 13.5 
Hz. 1H), 3.94 (dd. J= 2.7. 12.0 Hz, 2H), 5.91 (s. 2H), 6.71 (d, 
y= 8.1 Hz, 1H), 6.78 (dd, J= 1.8, 8.1 Hz, 1H), 6.87 (d, ./ = 
1.8Hz, lH);MSpCI/NH3)(M + H) + at/73/^517. Anal. Calcd 
for C29H44N 2 0 6 : C, 67.42; H. 8.58; N. 5.42. Found: C, 67.39; 
H, 8.72; N, 5.30. 

trans, trans-2-[Z- (2-FurftirylethyI)J-4- (1 ,3-benzodioxol- 
5-yI)- 1 - [(A^iVdi-TJ-butylamino) carbonylmethyljpyrro- 
lidine-3-carboxylic Acid (9i): an amorphous white solid; 'H 
NMR (CDCI3, 300 MHz) 6 0.89-0.96 (m, 6H). 1.21-1.38 (m, 
4H), 1.42-1.57 (m, 4H), 2.19 (m, 1H), 2.31 (m, 1H), 2.63-2.85 
(m, 2H), 3.08-3.39 (m, 5H), 3.69 (d, J= 10 Hz. 2H). 3.90- 
4.01 (m, 2H), 4.12-4.21 (m, 2H), 5.92 (s, 2H), 6.03 (d, J= 3.0 
Hz, 1H), 6.24 (dd, ./ = 2.0, 3.0 Hz, 1H), 6.75 (d. J= 8.1 Hz. 
1H), 6.79 (dd, J= 1.8, 8.1 Hz, 1H), 6.88 (d, ./ - 1.8 Hz, 1H), 
7.25 (d, J= 1.8 Hz, 1H); MS (DCI/NH3) (M + H) + at vn/z499. 
Anal. Calcd for C2aH38N2O 6 -0.80TFA-0.15H 2 O: C. 60.00; H, 
6.65; N, 4.73. Found: C, 60.00; H, 6.69; N, 4.55. 

trans, trans-2-[2- (3 -Furfuryl) e thyl] -4- (1 ,3-benzodioxol- 
5-yl)- 1 - [(A' , ,AAdi-7j-burylamino)carbonylmethyl]pyrro- 
Iidine-3-carboxylic Acid (9j): an amorphous white solid; 'H 
NMR (CDCh, 300 MHz) 6 0.87-0.96 (m, 6H), 1.21-1.39 (m, 



4H), 1.42-1.60 (m, 4H), 1.90 (m, 1H). 2.03 (m. 1H), 2.39-2.60 
(m, 2H), 2.96 (m. 1H). 3.15-3.50 (m, 8H), 3.65-3.85 (m, 2H). 
5.91 (s, 2H), 6.24 (s. 1H), 6.70 (d, y = 8.1 Hz, 1H), 6.79 (d, J 
= 8.1 Hz, 1H). 6.90 (s. 1H). 7.20 (s, 1H), 7.32 (s. 1H); MS (DCI/ 
NHa) (M + H) + at ttj/* 499 Anal. Calcd for CajHajNzCV 
0.20TFA C, 65.42; H. 7.38; N, 5.37. Found: C. 65.25; H, 7.41; 
N, 5.27. 

trans, trans-Z-[ (2-TetrahydrofuraxiyI) ethyI]-4-(l,3-ben- 
zodioxol 5-yi) -l - f(A^/V<ii-/>buryiainino)carbonylmethyI] - 
pyrrolidine-3-carboxylic Add (9k): white powder; 'H NMR 
(CDCI3. 300 MHz, a 1:1 mixture of two diastereomers) 6 0.86- 
1.00 (m, 6H), 1.22-1.40 (m. 4H). 1.40-1.62 (m. 6H), 1.63- 
1.77 (m, 1H), 1.80-2.07 (m, 5H), 2.95-3.62 (m. 8H). 3.68- 
4.20 (m. 6H), 5.92 (s, 2H). 6.72 (dd. ./= 1.8, 8.1 Hz, 1H), 6.80 
(dm, J= 8.1 Hz, 1H), 6.86 (d, J= 1.8 Hz, 1H); MS (DCI/NHj) 
(M + H)+at/n/z503. Anal. Calcd for C 2 sH42N2(V0.45TFA: 
C, 62.66; H, 7.72; N, 5.06. Found: C, 62.62; H, 7.53; N, 4.93. 

^aw^ira7is-2-[2-(l,3-Oxazol-2-yl)ethyIl-4-(l,3-benzo- 
dioxol-5-yI)- 1 - [(A^AAdi-/j-burylamino)carbonylmethyl)- 
pyrrolidine-3-carboxylic Add (91): white powden l H NMR 
(CDCI3, 300 MHz) d 0.91 (t, y= 7.5 Hz, 3H). 0.93 (t, J= 7.5 
Hz, 3H). 1.22-1.36 (m. 4H). 1.43-1.60 (m, 4H), 2.35-2.60 
(brm, 2H). 3.08-3.35 (m, 7H), 3.65 (dd, y= 9.0. 12.3 Hz, 1H), 
3.88 (t, y= 11.3 Hz. 1H), 4.07 (dd, J= 9.9, 20.0 Hz, 1H), 4.40 
(brm, 2H), 4.57 (d, J= 16.5 Hz, 1H), 5.92 (s, 2H), 6.76 (m, 
3H), 7.08 (s, 1H), 7.64 (s, 1H); MS (ESI) (M + H) + at m/zSQO, 
Anal. Calcd for C 2 7H37N3O 6 -1.70TFA: C. 52.66; H, 5.63; N, 
6.06. Found: C, 52.75; H. 5.80; N, 6.09. 

trans, trans-2-[2- (4,5-Dimethyl- 1 ,3-oxazol -2-yI) ethyl] -4- 
(1 ^-benzodioxol-5-yI)-l-[(7>^A^i-/i-butylanTino)carbony 
me thyl] pyrrolidine- 3-carboxy lie Add (9m): white powder; 
l H NMR (CDC1 3 , 300 MHz) 6 0.89 (t. J - 7.5 Hz, 3H), 0.92 (t, 
y= 7.5 Hz, 3H), 1.21-1.37 (m. 4H), 1.43-1.57 (m. 4H), 2.11 
(s. 3H), 2.21 (s, 3H). 2.31-2.47 (m. 2H), 2.95-3.41 (m, 7H), 
3.62 (dd, y= 9.0, 12.3 Hz. 1H), 3.83 (t, J= 12.3 Hz, 1H), 4.10 
(dd, y= 10.2, 19.8 Hz, 1H). 4.30-4.40 (brm, 1H), 4.37 (d, J = 
16.5 Hz. 1H), 4.57 (d, y= 16.5 Hz, 1H). 5.91 (s, 2H). 6.71 (dd. 
y= 1.8. 8.1 Hz, 2H), 6.76 (d, J= 1.8 Hz, 1H); MS (DCI/NH3) 
(M + H) + at m/zS2B. Anal. Calcd for C2dH4iNaO6"1.05TFA: 
C. 57.70; H, 6.55; N, 6.49. Found: C. 57.89; H, 6.33; N, 6.41. 

£ra^^^ra^-2-[2-(A^MethylpyITO^2-y0ethylJ-4-(l,3-ben- 
zodioxol-5-yl)-l-[(A^A^-/>burylamino)c^HwnylmethyI]- 
pyrrolidine-3-carboxylic Add (9n): white powder; l H NMR 
(CDCU, 300 MHz) d 0.93 (t, J = 7.5 HzC 3H), 0.96 (t, J = 7.5 
Hz, 3H). 1.22-1.37 (m, 4H), 1.42-1.56 (m. 4H), 2.11-2.36 (m. 
2H), 2.55-2.80 (m, 2H). 3.04^3.15 (m. 2H), 3.26-3.40 (m, 3H), 
3.50 (s. 3H). 3.74 (d. ^ = 9.6 Hz, 2H), 3.88 (d, J= 16.5 Hz, 
1H), 4.02 (dd, _/= 9.0, 18.6 Hz, 1H), 4.21 (d. J= 16.5 Hz, 1H), 
4.32-4.43 (m, 1H), 5.86-5.89 (m. 1H), 5.91 (s. 2H), 6.00 (t, J 
= 4.5 Hz, 1H), 6.52 (t. y= 3.0 Hz, 1H). 6.72 (d. J= 8.1 Hz, 
1H). 6.80 (dd, y= 1.8, 8.0 Hz, 1H), 6.87 (d, y = 1.8 Hz, 1H); 
MS (DCI/NH3) (M + H)* at 773/^ 512. Anal. Calcd for 
C2&H41N305-1.25TFA: C, 57.83; H, 6.51; N, 6.42. Found: C, 
57.68; H, 6.69; N, 6.49. 

rraias>tra^$-2-[2-(2-Pyridyl)ethyl]-4-(l ,3-benzodioxol-5- 
yl)- 1 -[(A^AkU-/>butylaiWio)carboriylmethyl]pyiTO 
3-carboxylic Add (9o): an amorphous white solid; *H NMR 
(CDCI3, 300 MHz) d 0.91 (t. y= 7.5 Hz, 6H) 1.22-1.37 (m, 
4H), 1.43-1.60 (m. 4H), 2.51 (brs, 2H). 3.13-3.46 (m, 7H), 3.62 
(dd, 9.6, 13.8 Hz, 1H), 3.84 {t, ./= 12.6 Hz, 1 H), 4.04 (dd, 
y= 10.5, 20.1 Hz, 1 H), 4.18-4.29 (m, 1H), 4.45 (s, 2H), 5.91 
(s, 2H), 6.66 (d, J= 8.1 Hz, 1H), 6.75 (dd, J= 1.8, 8.1 Hz. 
1H). 6.80 (d, y=1.8Hz, 1H), 7.51 (t7=6.9Hz, 1H), 7.70 (d, 
y= 9.0 Hz, 1H). 8.06 (t, y= 6.9 Hz, 1H), 8.65 (d, J= 6.0 Hz, 
1H); MS (DCI/NH3) (M + H) + at m/z 510. Anal. Calcd for 
C29H39N305-1.75TFA: C. 55.04; H, 5.79; N, 5.92. Found: C, 
55.08; H, 5.64; N, 5.81. 

£rariy,lira7x^2-[2-(l-Pyrazolyi)ethyl] -4-(l,3-benzodioxol- 
5-yl)- 1 - [(A^A^di -/> butyl amino) car bony lm ethyl] pyrro- 
lidine-3-carboxylic Add (9p): an amorphous solid; 'H NMR 
(CDCI3, 300 MHz) 6 0.91 (t, y= 7.5 Hz, 6H), 1.21-1.38 (m, 
4H), 1.42-1.59 (m, 4H), 2.43-2.69 (m. 2H), 3.12-3.36 (m, 5H), 
3.40-3.61 (t, y= 10.5 Hz, 1 H), 3.72-3.83 (t, y= 10.5 Hz, 
1H), 3.98-4.55 (m, 6H), 5.91 (s, 2H). 6.28 (t, J= 3.0 Hz, 1H), 
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6.67 (d. J= 8.1 Hz, 1H). 6.75 (dd, J= 1.8, 8.1 Hz, 1H), 6.81 
(d, J= 1.8 Hz, 1H), 7.50 (d, J= 3.0 Hz, 1H). 7.56 (d, _/= 3.0 
Hz. 1H); MS (DCI/NHa) (M + H) + at m/z 499. Anal. Calcd 
for C27H38N 4 O 5 -0.75TFA: C, 58.60; H, 6.69; N, 9.59. Found: 
C, 58.53; H. 6.45; N. 9.67. 

o^a/is>Q'^/xy^-[2-(Succinim^ 
5-yl)- 1- UJVrN-di- jj-bucylainino)carbonylmethyI]pyrro- 
Hdine-3-carboxyIic Add (9q): white powder; ! H NMR 
(CDC1 3 , 300 MHz) 4 0.92 (t, J= 7.5 Hz, 3H), 0.95 (t, y = 7.5 
Hz. 3H), 1.23-1.41 (m, 4H), 1.44-1.63 (rn, 4H), 2.10-2.25 (rn, 
1H). 2.37-2.48 (m. 1H). 2.69 (a. 4H), 3.20 (t, ./= 7.8 Hz, 2H), 
3.26-3.40 (m, 3H), 3.50-3.73 (m, 3H). 3.81 (t, J= 10.5 Hz. 
1H). 3.94 (dd, J = 9.0, 19.2 Hz, 1H). 4.09-4.21 (m, 2H), 4.33 
(d, y= 16.8 Hz, 1H). 5.92 (s, 2H). 6.72 (d. J= 8.1 Hz, 1H), 
6.81 (dd, .7= 1.8, 8.1 Hz, 1H), 6.87 (d, J= 1.8 Hz, 1H); MS 
(DCI/NH3) (M + H) + at Tn/2-530. Anal. Calcd for C28H39N3O7- 
1.05TFA: C. 55.68; H, 6.62; N, 6.47. Found: C, 55.77; H, 6.02; 
N, 6.19. 

trans, trans-Z- [2- (Propylsultam- 1 -yl)ethyl J-4-(l ,3-ben- 
zodioxol-5-yi) - 1 -[(7NC/V^-7>bur^amino)carbonyimethyll- 
pyrrolidine-3-carboxylic Acid (9r): white powder; *H NMR 
(CDCla, 300 MHz) d 0.92 (t, J= 7.5 Hz, 3H). 0.95 (t, .7= 7.5 
Hz, 3H), 1.23-1.38 (m, 4H), 1.44-1.61 (m, 4H), 2.10-2.42 (m, 
4H), 3.02-3.26 (rn. 7H). 3.26-3.44 (m, 5H), 3.73 (bit, ./= 10.0 
Hz, 1H), 3.90 (q, J= 8.0 Hz, 1H), 3.93-4.10 (m, 2H), 4.26 (d. 
y= 15.3 Hz, 1H), 5.94 (s, 2H), 6.73 (d, -/ = 8.1 Hz, 1H), 6.81 
(dd. y= 1.8, 8.1 Hz. 1H). 6.92 (d, J=* 1.8 Hz, 1H); MS (DCI/ 
NH 3 ) (M + H) + at m/z 552. Anal. Calcd for CztH^NsOtSi- 
0.60TFA: C. 54.62; H. 6.76; N, 6.78. Found: C. 54.74; H, 6.74; 
N, 6.69. 

tmns,trans-2- [2- (2-Oxopiperidin- 1 -yl)ethyl] -4(1, 3-ben- 
zodioxol-5-yI) - 1 - [(7N^AMi-7>burylainino)carbon3dmethyl] - 
pyrrolidine-3-carboxylic Acid (9s): white powder; *H NMR 
(CDCI3, 300 MHz) 6 0.91 (t. J= 7.5 Hz, 3H), 0.93 (t, J= 7.5 
Hz, 3H), 1.22-1.38 (m. 4H), 1.42-1.60 (m, 4H), 1.70-1.87 (m, 
4H), 2.10-2.23 (brm. 1H), 2.23-2.50 (m, 3H), 3.05 (t, ./= 9.0 
Hz. 1H), 3.19-3.40 (m, 7H), 3.40-3.60 (m. 2H). 3.61-3.74 (m, 
1H), 3.75-3.99 (m, 3H), 4.22 (brs,,lH), 5.92 (m, 2H), 6.72 (d, 
J*= 8.1 Hz, 1H), 6.78 (dd, J= 1.8, 8.1 Hz, 1H), 6.87 (d, ./ = 
1.8 Hz, 1H); MS (DCI/NH3) (M + H) + at7n/^530. Anal. Calcd 
for C 29 H 4 3N 3 CV0.70TFA: C, 59.91; H, 7.23; N, 6.89. Found: 
C, 59.92; H, 7.23; N, 6.80. 

trans,trans-2- [2- (2-Oxopyrid- 1 -y I) ethyl] -4-(l ,3-benzo- 
dioxol-5-yl)-l - [(WA^di-7>butylaxnino)carbonylmethyl) - 
pyrrolidine- 3-carboxyIic Add (9t): white powder; 'H NMR 
(CDCI3, 300 MHz) 6 0.89 (t, J= 7.5 Hz, 3H), 0.94 (t, J= 7.5 
Hz, 3H). 1.21-1.39 (m, 4H), 1.41-1.61 (m. 4H), 2.38 (brm, 2H), 
3.09-3.24 (m, 3H), 3.32 (t, J= 8.4 Hz, 2H), 3.54 (brm, 1H), 
3.73 (t, .7= 1 1.4 Hz, 1H). 3.88 (dd, ./= 8.4, 18.3 Hz, 1H), 3.94- 
4.10 (m, 2H), 4.15-4.30 (rn, 3H). 5.96 (s, 2H), 6.31 (td, J = 
1.5, 6.9 Hz, 1H), 6.58 (d, _/= 9.0 Hz, 1H), 6.72 (d, ./= 8.1 Hz, 
1H). 6.77 (dd, y= 1.8, 8.1 Hz, 1H), 6.84 (d, J= 1.8 Hz, 1H), 
7.40 (td, J = 1.8, 6.3 Hz, 1H), 7.60 (dd. ./= 1.5, 6.0 Hz. 1H); 
MS (DCI/NH3) (M + H)+ at m/z 526. Anal. Calcd for 
C29H39N3CVO.7OTFA: C, 60.31; H, 6.61; N, 6.94. Found: C, 
60.17; H, 6.59; N, 6.91. 

^a7i$>n-a7i$^-[2-(2-QxopyrroUdin-l-yl)ethyll-4-(l,3-ben- 
zodioxol -5-yl) - 1 - [(A^V-di- JJ-butylamino)carbonylme thyll - 
pyrrolidine- 3 -carboxy lie Add (9u): an amorphous white 
solid; »H NMR (CDC1 3 , 300 MHz) 6 0.91 (t, J= 7,5 Hz. 3H), 
0.94 (t, J= 7.5 Hz, 3H), 1.23-1.38 (m, 4H), 1.44-1.60 (m, 4H), 
2.05 (t, y= 6.9 Hz, 2H), 2.12-2.25 (m, 1H), 2.38 (td, J= 4.2, 
8.4 Hz, 2H). 2.47-2.61 (m, 1H), 3.17 (dd, J= 6.0, 8.7 Hz, 2H), 
3.24 (t, -7= 9.0 Hz, 1H), 3.32 (t, .7= 7.8 Hz, 2H), 3.38-3.48 
(m, 3H), 3.52 (t, y= 9.0 Hz. 1H), 3.66 (t, ./= 6.9 Hz, 1H), 3.96 
(m, 2H), 4.14 (m, 1H). 4.38 (brs, 2H), 5.93 (s, 2H), 6.74 (d, J= 
8.1 Hz, 1H), 6.89 (dd, y= 1.8, 8.1 Hz, 1H), 6.87 (d, J= 1.8 Hz, 
1H); MS (DCI/NH3) (M + H) + at m/z 516. Anal. Calcd for 
C 2e H 4 iN3O6-1.40TFA: C, 54.78; H. 6.33; N, 6.22. Found: C, 
54.69; H, 6.33; N, 6.14. 

£r?msy£na/z*[2S,3i£43-2-(2,2-Dim^ 
oxy- 1 ,3 -benzodioxol- 5-yl) - 1 - [ (7V,yV-di-/j-bu tylamino) car- 
bony bnethylj pyrrolidine- 3 -car boxylic Add (10a): white 
solid; >H NMR (CDCI3, 300 MHz) d 0.81 (s, 3H), 0.84 (s, 3H), 
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0.86 (t, J= 7.5 Hz, 3H), 0.93 (t, J = 7.5 Hz, 3H), 0.96 (t, J= 
7.5 Hz, 3H), 1.09-1.38 (m, 8H), 1.45-1.59 (m, 4H), 1.84-2.00 
(m, 2H), 3.15 (dd, J= 6.9, 10.0 Hz, 2H), 3.30-3.42 (m, 3H) 
3.72 (t, ./ = 10.5 Hz, 1H), 3.86 (t, J= 10.5 Hz, 1H). 3.88 (s, 
3H), 4.02 (q, J= 10.0 Hz, 1H), 4.12 (d, J= 16.8 Hz, 1H). 4.29 
(d, J= 16.8 Hz, 1H), 4.41 (brm, 1H). 5.94 (s. 2H), 6.52 (d,\/= 
1.8 Hz, 1H), 6.67 (d,V-= 1.8 Hz, 1H); MS (ESI) (M + H) + at 
773/^533. Anal. Calcd for C30H48N2CVO.7TFA: C. 61.57; H, 
8.01; N, 4.57. Found: C, 61.59; H, 8.20; N, 4.63. 

l^ajzs,*ra/i*[2S,3ic/t^2-[2,2-Dta^ 
4-(7-methoxy-l,3-beiizodioxor5-yI)-l-K^ 
no)carbonylmetlryl]pyrrolidine-3-carbox^ic Add (10b): 
white solid; *H NMR (CDC1 3 . 300 MHz) d 0.92 (t, J= 7.5 Hz, 
3H), 0.95 (t, J= 7.5 Hz, 3H>, 0.97 (s, 3H). 0.99 (s, 3H). 1.24- 
1.40 (m, 4H), 1.46-1.60 (m, 4H), 1.60 (d, J= 5.4 Hz. 3H), 1.92 
(dd, J= 6.6. 15.0 Hz. 1H). 2.04 (d. y= 15.0 Hz, 1H), 3.17 (td. 
y= 3.0, 11.4 Hz, 2H), 3.25-3.40 (m, 3H), 3.55-3.75 (m, 2H), 
3.87 (s, 3H), 3.99 (q. y= 9.0 Hz, 1H), 4.1 1-4.30 (m, 3H). 5.29 
(d, J- = 15.6 Hz, 1H), 5.38 (qd, J = 6.0, 15.6 Hz, 1H). 5.94 (s. 
2H), 6.50 (d, J= 1.8 Hz, 1H), 6.63 (d, y = 1.8 Hz, 1H); MS 
(DCI/NH3) (M + H) + at m/z S3! . Anal. Calcd for C3oHUsN 2 0 6 - 
0.80TFA: C, 61.03; H, 7.58; N. 4.50. Found: C. 61.04; H, 7.65; 
N, 4.46. 

Receptor Binding Assays* All samples were kept at 4 
°C throughout the process of membrane isolation. MMQ cells 
(prolactin secreting rat pituitary cells known to contain ET A 
receptors), porcine cerebellar tissues (known to contain ET B 
receptors), or Chinese hamster ovary cells (CHO) permanently 
trans feet ed with the human ETa or ETb receptor are homog- 
enized in 25 mL of 10 mM Hepes (pH 7.4) containing 0.25 M 
sucrose and a protease inhibitor cocktail [50 mM EDTA , 0. 1 
mM PMSF, and 5 /ig/mL Pepstatin A, and 0.025% Bacitracin] 
using a micro ultrasonic cell disrupter (Kontes). The mixture 
was centrifuged at lOOOg for 10 min. The supernatant was 
collected and centrifuged at 60000^ for 60 min. The precipitate 
was resuspended in 20 mM Tris. pH 7.4, containing protease 
inhibitor cocktail and centrifuged again. The final membrane 
pellet was resuspended in 20 mM Tris, pH 7.4, containing 
protease inhibitors and stored at —80 °C until used. Protein 
content was determined by the Bio-Rad dye-binding protein 
assay. 

Binding assays were performed in 9 6 -well microti ter plates 
pre treated with 0.1% BSA. Membranes were diluted —100- 
fold in buffer B (20 mM Tris, 100 mM NaCl, 10 mM MgCl 2 , 
pH 7.4, with 0.2% BSA, 0. 1 mM PMSF, 5 //g/mL Pepstatin A, 
0.025% bacitracin, and 50 mM EDTA) to a final concentration 
of 0.2 mg/mL of protein. In competition binding studies, 
membranes (0.02 mg) were incubated with 0.1 nM [ l25 I]ET-l 
(for ET A assay in MMQ or CHO cells) or [ I25 I]ET-3 (for ET B 
assay in porcine cerebellum or CHO cells) in buffer B (final 
volume: 0.2 mL) in the presence of increasing concentrations 
of the test compound for 3 h at 25 °C. After incubation, 
unbound ligand was separated from bound ligand by a vacuum 
filtration method using glass-fiber filter strips in PHD cell 
harvesters (Cambridge Technology, Inc., MA), washing the 
filter strips three times with saline (1 mL). Nonspecific 
binding was determined in the presence of 1 jjM unlabeled 
ET- 1 . IC50 values are calculated using an average of at least 
. two separate determinations. 

Phosphoinositol Hydrolysis Assays. ETa. MMQ cells 
(0.4 x 10 s cells/mL) were labeled with 10 //Ci/mL of [ 3 H]- 
myoinosltol in RPMI for 16 h. The cells were washed with 
PBS and then incubated with buffer A (140 mM NaCl, 5 mM 
KC1, 2 mM CaCl 2 , 0.8 mM MgS0 4 , 5 mM glucose, 25 mM 
Hepes, pH 7.4) containing protease inhibitors and 10 mM LiCl 
for 60 rnln. The cells were incubated with test compounds for 
5 min and then challenged with 1 nM ET-1. ET-1 challenge 
was terminated by the addition of 1.5 mL of 1:2 (v/v) chloro- 
form -methanol. Total inositol phosphates were extracted 
after adding chloroform and water to give final proportions of 
1:1:0.9 (v/v/v) chloroform— methanol— water of as described by 
Berridge. 29 The upper aqueous phase (1 mL) was retained, 
and a small portion (100 fiL) was counted. .The rest of the 
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aqueous sample was analyzed by batch chromatography using 
anlon-exchange resin AG1-X8 (Bio-Rad). 

ET B . Chinese hamster ovary cells (CHO) permanently 
transfected with the human ETb receptor were grown to 
confluence in 24-well tissue culture plates and labeled with 5 
^Ci/well of pH]myoinositol in F-12 media + 10% FBS + 1 xP/ 
S/F. The adherent cells were washed gently with PBS and 
then incubated in 200 fiL of buffer A containing protease 
inhibitors and 10 mM LiCl for 60 min at 37 X in a C0 2 
incubator. Test compounds were then added followed by the 
addition of 1 nM ET-1, and the mixtures were incubated for 
30 min at 37 °C. The cells were then solubilized by the 
addition of 50 /tL of 1 N NaOH and then neutralized by the 
addition of 50 pL of 1 N HC1. The solubilized cell suspension 
was transferred to glass tubes and extracted by the addition 
of 1.5 mL of 1:2 (v/v) chloroform— methanol. Total inositol 
phosphates were extracted and analyzed by batch chromatog- 
raphy on anion-exchange resin as above. All IC50 values are 
calculated using an average of at least two separate determi- 
nations. 

Pharmacokinetic Analysis. The pharmacokinetic behav- 
ior of compounds were evaluated in male Sprague— Dawley 
rats. Briefly, the test compound was prepared as a 10 mg/ 
mL solution in an ethanol -propylene glycol -D5W (20:30:50, 
by volume) vehicle containing 1 molar equiv of sodium 
hydroxide. Groups of rats {n~ 4 per group) received either a 
10 mg/kg (1 mL/kg) intravenous dose administered as a slow 
bolus in the jugular vein or a 10 mg/kg (1 mL/kg) oral dose 
administered by gavage. Heparinized blood samples (~0.4 mL/ 
sample) were obtained from a tall vein of each rat 0. 1 (iv only), 
0.25, 0.5. 1, 1.5, 2. 3. 4, 6, 9. and 12 h after dosing. The 
samples were analyzed by reverse phase HPLC following 
liquid— liquid extraction from the plasma. Initial estimates 
of the pharmacokinetic parameters (e.g., the maximum con- 
centration <2na«) for NONUN84 30 were obtained with the 
program C STRIP. 31 Area under the curve (AUC) values were 
calculated by the trapezoidal rule over the time course of the 
study. The terminal-phase rate constant OS) was utilized in 
the extrapolation of the AUC from 12 h to infinity to provide 
an AUCo-~ value and in the calculation of T\n values. As- 
suming dose proportionality and correcting for the differences 
in dosing, a comparison of the AUC following oral dosing with 
that obtained following an intravenous dose provided an 
estimate of the bioavailability {P). 
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